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Executive Summary

When Groundfish FMP Amendments 96(BSAI)/87(GOA) evbeing developed, it became apparent that
some issues related to the treatment of annuai tiatits (ACLS) in the National Standard 1 Guidelin
were too complicated to address fully in those adrmaamts, particularly given the stringent statutory
deadlines for passage of those amendments. Asul, ibiere was some anticipation that one or more
trailing amendments might be considered. Thisudision paper pertains to three issues (all withaets

to the BSAI and GOA Groundfish FMPs) that mightaolelressed in such trailing amendments: 1)
expanding or otherwise changing the role of sdienincertainty in determining the buffer between
ABC(=ACL) and OFL; 2) lack of a numeric value for98T; and 3) possible ambiguities regarding
which anthropogenic removals should be A) treatecbmputation of fishing mortality reference points
and B) counted against harvest specifications.

As noted above, this paper is being provided fecusion purposes only. It is intended primanlyse

by the SSC. If the SSC finds merit in any of tipdans put forward here, it may wish to study them
further, perhaps through a subcommittee, a combmaram/SSC committee, or a workshop. It may
also wish to take the formal step of proposing tme or more amendments to the Groundfish FMPs be
developed. In the event that at least one FMP dment is developed, it may be useful to ideraify

priori those elements that are strictly matters of policgse elements that are strictly matters of sgen
and those elements that are a combination of the ®iven that the Secretary has already deterntimed
Groundfish FMPs to be in substantial compliancéwhe National Standard 1 Guidelines as a result of
Amendments 96(BSAI)/87(GOA), these issues can beeaded in a deliberative and thoughtful manner,
with no need for imposition of a rigid timetable.

Some options for further analysis regarding issligrtaddition to retaining the status quo, incltite
following:

1. Use theP* approach by itself. Advantages: clearly compligs National Standard 1
Guidelines; buffer always increases with the lefaincertainty. Disadvantage: does not result
in an optimal harvest level.

2. Use the decision-theoretic (DT) approach by its@lfivantage: results in an optimal harvest
level. Disadvantages: compliance with Nationah8#ad 1 Guidelines is less clear than option
#1 (on the other hand: “The decision-theoretic apph is very much ‘allowed’ in setting targets
and limits"—Mark Millikin, NMFS Office of Sustaindb Fisheries, pers. commun. 3/27/09);
buffer does not always increase with the levelrafartainty, and can even be negative under
some circumstances.

a. One possible sub-option would be to use this agbréaset an upper limit on TAC
rather than ABC.

3. Use the DT approach constrained byRieapproach (e.g., set maxABC at the minimum of the
values prescribed by the two approaches). Advastagsults in an optimal harvest level except
when the constraint is binding; clearly complieshviational Standard 1 Guidelines.
Disadvantages: does not result in an optimal hateesl when the constraint is binding; buffer
does not always increase with the level of uncetyai

a. One possible sub-option would be to use this agbréaset an upper limit on TAC
rather than ABC.
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Some options for further analysis regarding issta@rf#addition to retaining the status quo, incltiae
following:

1. Specify MSST as the greater of: aBly; or b) the smallestquilibrium stock size at which the
stock would be expected to rebuildBgsywithin 10 years if it were fished &br_ in each year.
Advantages: fairly simple; proximity of the stoekMSST could be measured; management of
BSAIl and GOA groundfish would be more comparablettaer U.S. fisheries; may provide
additional protection for long-lived stocks. Disadtages: depending on the age structure of the
stock, could result in a stock being declared “bsbed” even though the stock would be
expected to rebuild tBysywithin 10 years when fished B, .

2. Specify MSST as the greater of: aBky or b) the smallestisequilibriumstock size at which
the stock would be expected to rebuildigywithin 10 years if it were fished &br_ in each
year. Advantages: proximity of the stock to MS®TId be measured; management of BSAI and
GOA groundfish would be more comparable to oth&. fisheries; may provide additional
protection for long-lived stocks; regardless of dige structure of the stock, would never result in
a stock being declared “overfished” if the stockudobe expected to rebuild Bysywithin 10
years when fished &r. Disadvantages: very complicated; depending eratfe structure of
the stock, could result in a stock being declareat tverfished” even though the stock woulot
be expected to rebuild ®ysywithin 10 years when fished Bbr, .

Some options for further analysis regarding issqidr#addition to retaining the status quo, incltite
following:

1. Clarify how fishing mortality reference points stdbbe computed when multiple sources of
significant anthropogenic removals exist. Advastaghould reduce the possibility of misusing
existing reference points. Disadvantage: may cmaia the management process.

2. Clarify which anthropogenic removals should be d¢edragainst the various harvest
specifications. Advantages: compliance with Natid®tandard 1 Guidelines would be more
obvious than at present. Disadvantages: knowirighmemovals should be counted against the
specifications, by itself, does nothing to previgise specifications from being exceeded; may
complicate the management process.

3. Set TAC below ABC by an amount sufficient to keefak anthropogenic removals below ABC.
Advantages: compliance with the National Standa@lidelines would be more obvious than at
present; total anthropogenic removals would likay exceed ABC. Disadvantages: fewer fish
would be available to the groundfish fishery; woaldthost certainly complicate the management
process, including the setting of TACs and the anithtion of research fishing.

4. Redefine ABC or ACL to be exclusive of certain tgmd anthropogenic removals. Advantages:
might not require reductions in TAC in order to Bg&BC/ACL from being exceeded (because
some removals would not count). Disadvantageat &wtthropogenic removals might still exceed
OY or OFL (because the removals excluded from ABTI/Avould not be excluded from
OY/OFL); compliance with the National Standard lid&lines might not be obvious.
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I ntroduction

When Groundfish FMP Amendments 96(BSAI)/87(GOA) avbeing developed, it became apparent that
some issues related to the treatment of annuai tiatits (ACLS) in the National Standard Guidelines
were too complicated to address fully in those adrmaamts, particularly given the stringent statutory
deadlines for passage of those amendments. Asub, iiere was some anticipation that one or more
trailing amendments might be considered. Thisudision paper pertains to three issues (all withaets

to the BSAI and GOA Groundfish FMPs) that mightaolelressed in such trailing amendments: 1)
expanding or otherwise changing the role of sdienincertainty in determining the buffer between
ABC(=ACL) and OFL; 2) lack of a numeric value for98T; and 3) possible ambiguities regarding
which anthropogenic removals should be A) treatecbmputation of fishing mortality reference points
and B) counted against harvest specifications.

As noted above, this paper is being provided fecusion purposes only. It is intended primanlydse

by the SSC. If the SSC finds merit in any of tipdans put forward here, it may wish to study them
further, perhaps through a subcommittee, a combmaram/SSC committee, or a workshop. It may
also wish to take the formal step of proposing tme or more amendments to the Groundfish FMPs be
developed. In the event that at least one FMP dment is developed, it may be useful to ideraify

priori those elements that are strictly matters of policgse elements that are strictly matters of sgen
and those elements that are a combination of the ®iven that the Secretary has already deterntimed
Groundfish FMPs to be in substantial compliancéwhie National Standard 1 Guidelines as a result of
Amendments 96(BSAI)/87(GOA), these issues can beeaded in a deliberative and thoughtful manner,
with no need for imposition of a rigid timetable.

Issue#l: Expanding or otherwise changing therole of scientific uncertainty in determining the
buffer between ABC(=ACL) and OFL

Some potentially relevant excerpts from the Nati&@tandard Guidelines

In the following, page numbers refer to the pagthefFederal Register notice in which the current
version of the guidelines for National Standarderevpublished (Vol. 74, No. 11; January 16, 2009).

p. 3208: (f)(2)(i)Acceptable biological catch (AB@ a level of a stock or stock complex’s annuética
that accounts for the scientific uncertainty in @séimate of OFL and any other scientific uncettain
and should be specified based on the ABC conttel ru

p. 3208: (f)(2)(iii)ABC control rulemeans a specified approach to setting the AB@ &tock or stock
complex as a function of the scientific uncertaimtyhe estimate of OFL and any other scientific
uncertainty (see paragraph (f)(4) of this section).

p. 3209: (f)(4)ABC control rule For stocks and stock complexes required to haveBa®, each Council
must establish an ABC control rule based on sdiemtivice from its SSC. The determination of ABC
should be based, when possible, on the probahil#iyan actual catch equal to the stock’'s ABC would
result in overfishing. This probability that ovestfing will occur cannot exceed 50 percent and shbel

a lower value.... The ABC control rule must articalabw ABC will be set compared to the OFL based
on the scientific knowledge about the stock orlstmamplex and the scientific uncertainty in thereate
of OFL and any other scientific uncertainty. The@Bontrol rule should consider uncertainty in fasto
such as stock assessment results, time lags iningd@sessments, the degree of retrospectivéar\as
assessment results, and projections. The conteohray be used in a tiered approach to addres=reiiff
levels of scientific uncertainty.
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Background and current FMP text

Background

December 1987: Amendment 11(BSAI) implemented.s Bimiendment revised the definition of
acceptable biological catch and added definitiengHreshold and overfishing.

January 1991: Amendments 16(BSAI)/21(GOA) impleradntThese amendments established the first
tier system for defining overfishing, with OFL cooitrules shaped approximately as they are today.

January 1997: Amendments 44/44 implemented. Taessndments imposed a buffer betwEga and
maxkgsc The buffer varied directly with uncertainty foier 1, based on decision-theoretic
considerations, while “fixed” buffers were used Taers 2-6. This may have been the first use of a
probability-based buffer between OFL and ABC anyeimethe U.S.

March 1999: Amendments 56/56 implemented. Thessndments instituted various changes intended to
address the requirements of the 1998 version dil#imnal Standard Guidelines. Changes included
lowering the asymptote of the OFL control rulesTaers 2-4 and the asymptote of the maxABC control
rule for Tier 2 so that MSY was treated consistea a limit rather than a target.

November 2010: Amendments 96(BSAI)/87(GOA) impletedn Among other things, these
amendments mapped existing practices into the nelogy used by the National Standard Guidelines.

Current FMP text

Overfishing Limit:

Specification of OFL begins with the MFMT (also kmo as the OFL control rule). The MFMT is
prescribed through a set of six tiers which aredidelow in descending order of preference,
corresponding to descending order of informaticailability. The SSC will have final authority for
determining whether a given item of informatiofirigliable” for the purpose of this definition, anthy
use either objective or subjective criteria in ngksuch determinations.

For tier (1), a “pdf” refers to a probability detysfunction. For tiers 1 and 2, if a reliable pdfBusyis
available, the preferred point estimateBgtyis the geometric mean of its pdf. For tiers 1 td §,

reliable pdf ofB is available, the preferred point estimate is thengetric mean of its pdf. For tiers 1 to 3,
the coefficient is set at a default value of 0.05. This defaulgavas established by applying the 10
percent rule suggested by Rosenberg.€18D4) to the 1/Bysyreference point. However, the SSC may
establish a different value for a specific stoclstmck complex as merited by the best availablensitic
information. For tiers 2 to 4, a designation of thiem “Fx.’ refers to the fishing mortality raté&)
associated with an equilibrium level of spawning @geruit equal tX% of the equilibrium level of
spawning per recruit in the absence of any fishiingeliable information sufficient to characterittee
entire maturity schedule of a species is not abkilghe SSC may choose to view spawning per recrui
calculations based on a knife-edge maturity assomps reliable. For tier 3, the telg, refers to the
long-term average biomass that would be expectddruaverage recruitment aRetF 400,

Tier 1 Information available: reliable point estit@s ofB andBysyand reliable pdf oFysy.
la) Stock status3/Bysy> 1
For. = MmA, the arithmetic mean of the pdf
1b) Stock statust < B/Bysy< 1
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FOFL = mAXx (B/BMsy- 0!)/(1 -OC)
1c) Stock statusd/Bysy< «
Fore=0
Tier 2 Information available: reliable point esti@s ofB, Bysy, Fusy, Fase, andFaoo -
2a) Stock statu®d/Bysy> 1
For. = Fusy
2b) Stock status: < B/Bysy< 1
ForL = Fusy X (B/Busy- @)/(1 - @)
2c) Stock statu/Bysy< a
For,=0
Tier 3 Information available: reliable point estit@s ofB, Boy, , Fas0, , andF 400 -
3a) Stock statudd/Bsge, > 1
ForL = Fasw
3b) Stock status: < B/Bjgy < 1
ForL = Faso X (B/Baow - a)/(1 - )
3c) Stock status®/Bioy < o
For,=0
Tier 4 Information available: reliable point esti@s ofB, Faso,, andF 400 -
ForL = Fasu
Tier 5 Information available: reliable point estims ofB and natural mortality rate.
For. =M
Tier 6 Information available: reliable catch histérom 1978 through 1995.
OFL = the average catch from 1978 through 199%3aman alternative value is
established by the SSC on the basis of the besablascientific information

Acceptable Biological Catch:

Specification of ABC is similar to specification OfFL, in that both involve harvest control rulegshmgix
tiers relating to various levels of information a&hility. However, somewhat more flexibility islaved
in specifying ABC, in that the control rule pres&s only an upper bound. The steps are as follow:

1. Determine the appropriate tier (this will be thensaier used to specify OFL).

2. Determine the maximum permissible ABC fishing mhitgtaate from the appropriate tier of the
ABC control rule (see below).

3. Except for stocks or stock complexes managed uhiée6, compute the maximum permissible
ABC by applying the maximum permissible ABC fishimprtality rate to the best estimate of
stock size (which may or may not be age structufed)stocks and stock complexes managed
under Tier 6, the control rule automatically progsia maximum permissible ABC, so
application of a fishing mortality rate is unne@eys

4. Determine whether conditions exist that warranirsgtABC at a value lower than the maximum
permissible value (such conditions may include—dratnot limited to—data uncertainty,
recruitment variability, and declining populatioerd) and, if so:

a. document those conditions,
b. recommend an ABC lower than the maximum permissiélee, and
c. explain why the recommended value is appropriate.

The above steps are undertaken first by the assassmthors in the individual chapters of the SAFE
report. The Plan Team then reviews the SAFE regpadtmakes its own recommendation. The SSC then
reviews the SAFE report and Plan Team recommendatiod makes its own recommendation to the
Council. The Council then reviews the SAFE repBlan Team recommendation, and SSC
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recommendation; then makes its own recommendatitimet Secretary, with the constraint that the
Council's recommended ABC cannot exceed the S¥¢emmended ABC.

The ABC control rule is as follows (definitions teffms and information requirements for the sixstire
identical to those used in the OFL control rule):

Tier 1 Information available: reliable point estis ofB andBysyand reliable pdf oFysy.
1a) Stock statusd/Bysy> 1
maxFgc = mH, the harmonic mean of the pdf
1b) Stock statust < B/Bysy< 1
maxFgc = mH x (B/Bng' a)/(l ‘(X)
1c) Stock statusd/Bysy< «
maxFgc = 0
Tier 2 Information available: reliable point esti@s ofB, Bysy, Fusy, Fase, andFaoo .
2a) Stock statu®d/Bysy> 1
maxFagc = Fusy X (Faosd Fasw)
2b) Stock status: < B/Bysy< 1
maxXFgc = Fusy X (Fa0udFasw) X (B/Busy- a)/(1 - a)
2c¢) Stock statusd/Bysy< a
maxFgc= 0
Tier 3 Information available: reliable point esti®s ofB, By, , Fase, , andF 400 .
3a) Stock statudd/Bsge, > 1
maxFagc = Faou
3b) Stock statust < B/Bsgy< 1
maxFagc = Faou X (B/Bagw - a)/(1 - @)
3c) Stock statudd/Byoy < a
maxFgc =0
Tier 4 Information available: reliable point estit@s ofB, Fzse,, andF o0 .
ForL = Fao%
Tier 5 Information available: reliable point esties ofB and natural mortality ratel.
FOFL =0.75 xM
Tier 6 Information available: reliable catch histérom 1978 through 1995.
maxABC = 0.75 x OFL

The above control rule is intended to account éeergific uncertainty in two ways: First, the canitrule
is structured explicitly in terms of the type ofdmrmation available, which is related qualitativédythe
amount of scientific uncertainty. Second, the sizthe buffer betweemaxFgc in Tier 1 of the ABC
control rule andror, in Tier 1 of the OFL control rule varies directijth the amount of scientific
uncertainty. For the information levels associat#ti the remaining tiers, relating the buffer beéne
maxFsc andFor. to the amount of scientific uncertainty is mor#idilt because the amount of
scientific uncertainty is harder to quantify, sdfbts of fixed size are used instead.

For groundfish species identified as key prey ell&t sea lions (i.e., walleye pollock, Pacific cadd
Atka mackerel), directed fishing is prohibited etevent that the spawning biomass of such a spiscie
projected in the stock assessment to fall bebgy in the coming year. However, this does not change
the specification of ABC or OFL.
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Analysis

Notational convention: In this section, the symi@l represents an arbitrary probability density
function. Use of the same name for probabilitysigrfunctions of different random variables (epfx)
andp(y)) is not meant to imply thattakes the same form in each instance.

Derivation of the Tier 1 control rules

The current Tier 1 maxABC control rule was devetbpsing decision theory (DT). Specifically, the
control rule was based on the Fox (1970) modelegeized to stochastic form (Thompson 1998), with a
utility function exhibiting constant relative rislversion (Pratt 1964; Arrow 1965, 1971).

The Fox model can be written

dB B
—=F 1-1 -F[B ,
dt msyte Eﬁ n( BmsyD

WhereB = stock sizet = time,F = fishing mortality rateFmsy= fishing mortality rate that sets
equilibrium (“sustainable”) yield equal to maximwgustainable yieldSY), andBmsy= equilibrium
stock size aMSY.

This model gives the following solution for equiiilbm yieldY:

Y=F EBmsyEéxp{l— F J
Fmsy

Equilibrium yield can be normalized to units oflatve yield” RY by expressing it relative to
MSY=FmsyBmsyas follows:

RY{ F j@x{l_ F ]
Fmsy Fmsy

If relative yield is adopted as the measure of manivealth accruing to society from the fisherg th
utility (U) function exhibiting constant relative risk aversican be written

_ RY"F*A-RRA
1- RR/ ’

whereRRAIs the level of relative risk aversion (a real-vadyparameter).

Some examples of the const&RAutility function are shown in Figure 1. In genencave functions
are risk averseRRA>0), the linear case represents risk neutralig4&0), and convex functions are risk
prone RRAQ).

A convenient feature of the const@&®RAutility function is that maximization of expectedlity is
equivalent to maximizing an order mean of the argim An order mean is a root of a non-central
moment. For example, @i{(Fmsy represents the pdf &imsy thezth order mean dRYis
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e F CFYY
Ue(F,2) = jo p(Fmsg[E(msyjﬁx;{l FmSyD dFmsy

Familiar special cases of order means include itfenaetic meanZ = 1), geometric mean (reached in the
limit asz approaches 0), and harmonic mean {1).

%

When the utility function is of the constant RRArg expected utility is given by

(F.1- RRA" ™™ - RRA

EU(F,RRA = Hrv ey

Thus, maximizing expected utility, given a spedfi@lue ofRRA is equivalent to maximizing the mean
(of RY) of order tRRA

The special case wheRRAapproaches unity in the limit correspondd)tal +In(RY). This special case
is often used as an archetype of risk aversionwagdthe utility function used to develop the Tier

maxABC control rule. IRRA=1, the optimal harvest rate is determined by métirg the geometric
mean (¥RRA= 0) of RY.

In the special case of the Fox model whemesyis viewed as a random variable because of sdientif
uncertainty, the geometric meanRY involves order means &imsy(note the distinction between order
means oRYand order means &imsy). Let the geometric and harmonic meanEmiybe written

Grnsy = exp(J': p(Fmsy) On(Fmsy) dFmsg ,
and

o -1
H -(J'_ p(Fmsy) D:msy‘ldFmS)a ,

Fmsy —

respectively. Then, the geometric meamR¥fcan be written

F F
Uy \F O) = [&X
RY( ) {GFmsy] F{ H Fmsy]

The derivative of the above with respecFts

w:ﬂRY(F1O)[E1_ : ] |

dF F Hpy

which equals zero only &=Hg,s, Note that this result holds regardless of tmefional form of
p(Fmsy).

10
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Although the deriviation of the harmonic mearfofisyas the risk-averse (specificalRRA=1) optimal
harvest rate was based on a single model (the eabel); it was also tested against the model of
Thompson (1992) to determine whether it was a ressly robust estimator of the risk-averse optimal
harvest rate when the underlying assumptions obtiggnal analysis were violated. Thompson (1992)
derived the optimal fishing mortality rate for anple model when the exponen) (n the Cushing (1971)
stock-recruitment relationship was uncertain, giRE=1. If the problem is re-cast in terms of the
resilience(r=1-q) of the stock-recruitment relationship, it turng that the optimal harvest rate under
uncertainty is identical to the optimal harveserander certainty, where the latter is evaluatdeat
harmonic mean af. Because the certainty-equivalent valu&wisyis a nonlinear function afin this
model, the harmonic mean Bimsyitself and the value dfmsyat the harmonic mean ofwill be equal
only in special cases. However, the analysis caediin developing Amendments 44/44 indicated that,
although the harmonic mean@isywas seldom exactly equal to the optimal harvestirathe model of
Thompson (1992), it was almost always reasonalolyec!

The above derivation deals with use of the harmom@anFmsyas the asymptote of the Tier 1 maxABC
control rule. In contrast to the formal derivatwithis reference point, it should be noted trs# af the
arithmetic meafrmsyas the asymptote of the Tier 1 OFL control rule Veagelyad hog and should not
be confused with the risk-neutral optimn The main reasons for using the arithmetic nfeasyin

this way are that it is unambiguously larger tHamharmonic mean, and that it is a fairly natuhalice

for a single statistic describing the central terayeof Fmsy

Sometimes optimality is not intuitive

The EA for the ACL amendment to the Crab FMP raisauie questions about the DT approach in
general, because the risk-averse and risk-neyiteha computed in some of the examples were very
close to each other, despite the presence of a lavgl of uncertainty surrounding key model parterse

Although use of the harmonic and arithmetic medranasyto specify the asymptotes of the maxABC
and OFL control rules does guarantee thakFgc is always less thafor, and does guarantee that the
buffer betweemaxFgc andFor increases with uncertainty (given an appropria¢@sare thereof),
these are not features of the DT approach in geneliich may pose a potential problem for expanded
use of the latter. More specifically, under certeircumstances, uncertainty surrounding the taleevof
Fmsycan result in a risk-averse optinfathat exceeds the risk-neutral optirkathe arithmetic mean of
Fmsy or both.

An example where the risk-averse optifaxceeds the risk-neutral optinkatan be developed in the
context of the simple Schaefer (1954) model. Telea8fer model is usually parameterized as:

@:rEBEﬁl—Ej—FEB ,
dt K

wherer = intrinsic rate of increase aid= carrying capacity. In this mod@msyK/2 andFmsy=r/2,
giving MSY=rK/4.

Equilibrium yield in the Schaefer model is given by

Y:FEKEEl—Fj

11
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Equilibrium yield can be normalized to unitsRY by expressing it relative fdSYas follows:

e
Fmsy Fmsy

Consider the (very) hypothetical scenario wheread@ 0.4 are the only possible value§ofsy with
these values being equally probable. The relgiels are plotted in Figure 2 for valuesroless than
or equal to 0.4, with the relative yield flBmsy denoted by the blue curve and the relative yietd f
Fmsy denoted by the red curve (note that the loweradnebrtical axis in the figure is truncated at a
value of 0.8). The two relative yield curves igtt at the point identified by the magenta dasihed in
the figure, with abscissa and ordinate given by

F, = 2[ﬁ Fmsy tFmsy j = 4/15= 0.267

Fmsy + Fmsy,

and

RY, = ZEE Fo j =8/9=0.889 ,
Fmsy + Fmsy,

respectively.

The arithmetic mean relative yield is shown bydgheen curve in Figure 2. The risk-neutral optifal
corresponds to the maximum of the green curvendisdted by the green dashed lines, with abscizda a
ordinate given by

1 N 1
Fmsy Fmsy
I:neutral = =024
1 N 1 :
Fmsy’ Fmsy
and
2
Ry = (Emsy+Fmsy)® _ .o

n

eural = dFmsy’ + Fmsy’)
respectively.

A fuller description of this example is given beldwut for now, a simple explanation of the phenoomen
can be provided as follows: The risk-neutral managjll seek to maximize the expected relativediel
(i.e., the arithmetic medaRY). This is achieved by fishing at thg..o rate given above. However, an
utterly risk-averse manager (i.e., a manager whoRR#E= o) will seek to maximize the value of the
worst-case scenario (the “maximin” solution, in thieguage of game theory). If the stock is fisaethe
Freutral Fate, Figure 2 shows that two outcomes are peassid relative yield will equal 0.96 Fmsy
(=0.2) is the true value ¢fmsy(blue dashed line), but the relative yield wiluatjonly 0.84 ifFmsy
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(=0.4) is the true value ¢imsy(red dashed line). The utterly risk-averse manage do better at any
value ofF betweerF ¢ura andFiy, becaus®Y: (red curve) increases monotonically withwhile

remaining less thaRY; (blue curve) throughout this range. Such increas¢he worst-case outcome are
always accompanied here by decreases in the b@sboécome, but autterly risk-averse manager will
not care about this. In the limiting case wheredtock is fished at thg,,, rate, the worst-case and best-
case scenarios are identical and equi¥g. If the stock is fished at any rate higher tkan the worst-
case scenario will be given BY; (blue curve) instead &Y, (red curve), and will be lower thaiY,,,.
Therefore Fi is the optimal fishing mortality rate for an utyerisk-averse manager. Howeveyy is
clearly greater thaR,..ray Meaning that this is one situation in which &-daserse optimal is higher

than the risk-neutral optimé&l.

A fuller analysis of this example can begin by édesng the case wheRRA=1. In this case, the
optimal F maximizes thgeometricmean ofRY, and is given by

_ 3{Fmsy + Fms;é)—\/QEQFmsy+ Fmsy,)? - 32[Fmsy [Fmsy, _ 0.244

F - ’
RRA=1 4

which results in a geometric meRY value of approximately 0.898.

Thus, the optimalF for RRA=1 exceeds the risk-neutral optinfiain this example. Figure 3 expands on
this result by considering a wide rangeRitAvalues (the range of values shown in Figure 3asigbset
of those shown in Figure 3b). Note that the opltifnancreases monotonically witRRAthroughout the
range. In the limit aRRAapproacheswx, the optimaF approacheEmsy; while in the limit aRRA
approaches, the optimaF approacheb;,. Figures 4 and 5 show two additional ways of Wigthese
results. Figure 4 adds to Figure 2 by showindahas of maximum values for all order means ranging
from —o to w0 and their corresponding fishing mortality ratela¢lk curve). Figure 5 shows how tR¥
means of orderl, 0, 1, and 2 vary witk (purple, green, orange, and light blue curvegeaetively);
along with the locus of maximum values for all ardeans ranging from approximatelg too and

their corresponding fishing mortality rates (blackve).

As an aside, it might be noted that two of theioagpapers deriving thEssy, andF 4o, reference points
(Clark 1991, Clark 1993), made explicit use of meximin strategy, which, in light of the above résu
wherein the maximin strategy corresponded to arlyttisk averse attitude, might lead one to codelu
that theFsse, andF 40, reference points are highly risk averse. In fdg conclusion is exactly correct
giventhe constraints imposed in those original paperthe admissible range of shapes for the stock-
recruitment relationship. However, if those coaistis were relaxed so as to admit the full range of
shapes that might result from statistical estinmatibactual stock-recruitment relationships, neiffug.,
nor F0, Would correspond to the utterly risk averse optimalthough one or both might still imply
some positive level of risk aversion).

TheP* alternative

TheP* approach (e.g., Prager et al. 2003) involves saintiee same information used in the DT
approach. If the objective is simply to seixFgc, then the approach consists of the following eiquat
for maxkgc, given a value for the policy parameket.

P = J'OmaXF’*BC p(FmsydFmsy
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TheP* approach was analyzed at length in the EA forAGé amendment to the Crab FMP. Itis
therefore somewhat familiar in the NPFMC arena,been used widely in other U.S. fisheries, and is a
straightforward implementation of the language ugédtie National Standard Guidelines. However, its
optimality properties are indirect at best, andeastent at worst. Simply put, there is no strdmfward
relationship between an ABC based onRteapproach and an optimal harvest level. This iabse the
P* approach is not designed with optimization in miradher, its objective is to achieve a constant
probability of obtaining a single undesired outcaiinghe present context, the undesired outconaa is
ABC that exceeds thteue but unknowi®FL—as distinguished from the OFL that is actuafpecified).

A simple analogy may help to illustrate this. Soggthat two urns, labeled “A” and “B,” each contai
60 white balls and 40 black balls, thoroughly mixadd suppose that an individual is given the
opportunity to choose one of the two urns and dvaerball from that urn. If a white ball is dravthe
individual wins a prize, but if a black ball is dna, the individual incurs a penalty. If urn A isasen, the
prize is $1,000,000 and the penalty is $1. IfBiis chosen, the prize is $1 and the penalty i8(1000.
In the DT approach, use of any reasonable utilitction would lead the individual to choose urnlA.
theP* approach, however, there is no valu€®bdtthat would allow the individual to determine a
preference between the two urns, because the glibpabobtaining an undesired outcome is exattlg
same for both urns. For any valueRst40%, the individual will be completely indifferebetween the
two urns, and for any value BF<40%, the individual will rejedbothurns. Likewise, achieving a
constant probability of ABC exceeding the true lmknown OFL has very little necessary relationsbip
optimal management of the fishery, in part becahisemakes no allowance for either the magnitude of
the overage or the consequences of the overagén adt because this makes no allowance for véhat i
gained or lost by setting the harvest rate equlémaxFygc dictated by the particular choice f.

One question that has often been asked is, “Whyjusbuse the value &* that sets the ABC from the
P* approach equal to the ABC from the DT approachié answer is twofold: First, this would amount
to using the DT approach, but with some completalyerfluous steps added. It would be much simpler
just to use the DT approach without the additimt@ps. Second, this would likely require setting a
different value oP* for every stock; moreover, these stock-specifiloes ofP* would likely change
every time a new assessment is conducted. Forgaauosing the current Tier 1 maxABC control rule,
the “DT-equivalent” value oP* depends strongly on both the functional form dreddoefficient of
variation (CV) of theemsypdf. Figure 6 shows how the DT-equivalent valti®bvaries with CV for
lognormal and gamma distributions (the means ofltseibutions cancel, and so do not affect theltes
In the limit as CV approaches 0, both distributisasthe DT-equivalef®* value at 0.5, but they diverge
for positive values of CV. The DT-equivalent vahfdP* falls to zero when CV=1 in the gamma case,
while the DT-equivalent value &* is greater than 0.2 for all values of CV<4 in ibgnormal case. In
practice, perhaps the best that could be hopeddatd be to find the value &t* that came closest to
matching the results of the DT approach averagesba@ll stocks (perhaps weighted by biomass,
revenue, or something else).

Some guestions remaining to be answered

One ambiguity that was not thoroughly discusseihduhe development of Amendments 44/44 was how
the harmonic mean rule was to be interpreted winepntainty existed regarding the values of pararsete
other tharFmsy(e.g., selectivity). For the past few years, sssents of Tier 1 species have interpreted
Fmsyas the ratio oMSYto Bmsy which is consistent with the interpretationFansyused in the original
analysis, but which may cause confusion if theresgnilarly named parameter in the model that
represents thill selectionfishing mortality rate. If the buffer between AB@d OFL is to be addressed
in a future FMP amendment, this is an area foriptesgnprovement.
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For either the DT oP* approach, attention should be given to the pdagibf extending the use of
probability-based buffers to tiers other than Tigor to the possibility of restructuring existing
assessment models so that more stocks qualify dmagement under Tier 1. Now that all stocks
managed under Tier 3 are assessed with models bas&dMB, variance estimates should be obtainable
for all estimated parameters and derived quantitieshich case all that is required for use dfieitthe

DT or P* approach would be specification of the necessargtional forms and parameters (see
paragraphs immediately following). The alternastategy of restructuring existing assessment tsode
so that more stocks qualify for management under Tishould also be feasible. One way to accomplis
this is to adopt an explicitly Bayesian approacithwell-rationalized prior distributions (partiarly for
the stock-recruitment parameters, or perhaps seakitment parameters could be aliasedrimgyand
Bmsyor MSY, as was done by Schnute and Kronlund (198é)nute and Richards (1998), and Forrest
et al. (2008)).

Expanded use of the DT approach would require Spation of a loss function and any parameters
involved therein. For example, the utility funetidescribed above would require specifying the evalu
RRAto be used in the maxABC control rule (and the @Bhtrol rule, if desired). Alternative functional
forms for the utility function could also be corsidd. For example, a utility function exhibitingnstant
absolute(as opposed to relative) risk aversigiRA is another common choice:

_1-expCARARY)
exp(ARA -1

The constanRRAand constanARAUtility functions are useful because they are &&mpell known, and
have convenient statistical properties. Howeverse are by no means the only possible choicetheRa
the utility function can take whatever form is negary to achieve an accurate representation a@futil
This begs the question whoseutility is to be represented: the Council’s, threx®tary’s, the Nation’s,
other? Also, in the discussion so far, the arguréthe utility function has been taken to be éfjtium
relative yield RY), but this is not the only possible choice. Iastef focusing only on yield in the
equilibrium state, the utility function might alsonsider yields realizeeh routeto equilibrium (probably
in combination with some positive discount ratejnight use revenue or profit instead of yield; &nd
might consider existence value, option value, aisconer surplus in addition to revenue or profitony
these lines, the SSC made the following suggestidis February 2011 meeting in response to a
presentation by Michael Dalton on maximum econoyiétd (MEY) andMSYin the crab fishery: “To the
extent practicable, the analysisMEY/MSYshould be incorporated into Grant Thompson'’s detis
theoretic approach, as part of the review of grdishdACLs.” AlthoughMEY concepts have not yet
been integrated into the DT approach for settingABC (except to the extent that utility itself isfthed
as an economic concept), a discussion of ACLs wis-MEY is included here as an appendix. Of
course, more complicated utility functions will tgplly require more parameters to be specified,emor
data to be gathered, and more complicated modéls tieveloped. (Note: although the derivation ef th
current Tier 1 maxABC control rule was based oorstantRRAutility function withRRA=1, the FMP
itself does not specify a utility function.)

In contrast, to begin using tf¢ approach, the only parameter that needs to béfiggeis P* itself,
provided that all relevant uncertainty has beenmifeed (see next paragraph). Although the number of
parameters that need to be specified ilfth@pproach is small, the specification process eavelby
difficult because of the lack of correspondenceveen the value d?* and any optimization-based
management objective, as discussed above.
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Another issue for both tHe* and DT approaches is how to deal with uncertétimy has not been
quantified statistically (referred to asg” in the EA for the ACL amendment to the Crab FMFpr
example, the statistical age-structured assessmoemently used for all groundfish stocks managedeu
Tiers 1-3 provide variance estimates for model patars and derived quantities, but these are all
conditional on a particular model, and do not coesuncertainty in the assumptions underlying the
model itself (functional forms, etc.). Some postés:

1. Consider only whatever uncertainty can be quantiigtistically. Advantages: no new
methodology necessary; no need to devalbpocvariance adjustments. Disadvantages: true
total uncertainty will likely be underestimated; aets with more/stronger assumptions will have
smaller uncertainty than models with fewer/wealssuaptions (i.e., the amount of uncertainty
can be decreased or increased simply by adoptmger or more complicated model).

2. Inflate whatever uncertainty is currently estimaseatistically by some agreed-upon but
ultimatelyad hocamount. Advantages: could likely be implementethe near future; will not
underestimate true total uncertainty by as muabpéien #1. Disadvantages: the precise amounts
of thead hocadjustments will be difficult to justify; resulggnestimates may either systematically
underestimate or systematically overestimate twtad tincertainty.

3. Develop statistical approaches for quantifyingpadisently non-quantified uncertainty.
Advantage: provides an accurate estimate of tria¢ docertainty. Disadvantage: the necessary
methodology may take a long time—or even prove ssjimle—to develop.

Finally, for either the DT oP* approach, a choice needs to be made as to whktharaxABC and OFL
control rules determinshing mortality rater removal amountsThis choice is easily illustrated using
the P* approach, which can be used to determine eithemtdgy by choosing the appropriate equation
from the following pair and solving for the uppanit of the integral:

P = J'OmaXF’*BC p(FmsydFmsy ,

P+ = [ p(OFL)dOFL

The current control rules prescribe fishing motyalates only. If every other relevant quantityg(e
stock size, age structure, selectivity) is knowecsely, these fishing mortality rates translate in
removal amounts without any ambiguity. When otiedgvant quantities involve significant uncertainty
however, it is not obvious how these additionalartainties should be incorporated into computatibn
maxABC and OFL under the current system. Conver#fahe control rules are expressed in terms of
removal amounts, it may be difficult to infer “thBShing mortality rates to which they correspond.

Some options for future consideration

Some options for further analysis regarding issli@r#addition to retaining the status quo, incltiae
following (any relevant items among the “some gest remaining to be answered” above should be
addressed regardless of which option is chosen):

1. Use theP* approach by itself. Advantages: clearly compligs National Standard 1

Guidelines; buffer always increases with the lefaincertainty. Disadvantage: does not result
in an optimal harvest level.
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2. Use the DT approach by itself. Advantage: resnlemn optimal harvest level. Disadvantages:
compliance with National Standard 1 Guidelinegssiclear than option #1 (on the other hand:
“The decision-theoretic approach is very much \alld’ in setting targets and limits"—Mark
Millikin, NMFS Office of Sustainable Fisheries, gecommun. 3/27/09); buffer does not always
increase with the level of uncertainty, and camese negative under some circumstances.

a. One possible sub-option would be to use this agbré@aset an upper limit on TAC
rather than ABC.

3. Use the DT approach constrained byRieapproach (e.g., set maxABC at the minimum of the
values prescribed by the two approaches). Advastagsults in an optimal harvest level except
when the constraint is binding; clearly complieshviational Standard 1 Guidelines.
Disadvantages: does not result in an optimal hateesl when the constraint is binding; buffer
does not always increase with the level of uncetyai

a. One possible sub-option would be to use this agbré@aset an upper limit on TAC
rather than ABC.

Issue#2: Lack of anumeric valuefor MSST
Some potentially relevant excerpts from the Nati®andard Guidelines

In the following, page numbers refer to the pagthefFederal Register notice in which the current
version of the guidelines for National Standarderevpublished (Vol. 74, No. 11; January 16, 2009).

p. 3206: (e)(2)(i)(A)Status determination criterigSDC) mean the quantifiable factors, MFMT, OFLdan
MSST, or their proxies, that are used to deterrifineerfishing has occurred, or if the stock orcsto
complex is overfished.

p. 3206: (e)(2)(i)(FMinimum stock size threshol1ISST) means the level of biomass below which the
stock or stock complex is considered to be ovegfish

p. 3206: (e)(2)(ii)(B)SDC to determine overfished statliee MSST or reasonable proxy must be
expressed in terms of spawning biomass or othesuneaf reproductive potential. To the extent
possible, the MSST should equal whichever of thieviéng is greater: One-half the MSY stock size, or
the minimum stock size at which rebuilding to th&¥level would be expected to occur within 10
years, if the stock or stock complex were explodgethe MFMT specified under paragraph
(e)(2)(i)(A)(1) of this section. Should the estitad size of the stock or stock complex in a giveanyfall
below this threshold, the stock or stock complesoigsidered overfished.

Background and current FMP text

Background

April 1998: The SSC concluded, “The Council polafyusing a biomass-based policy that reduces
fishing mortality as stocks decrease in size wéibelately selected to provide for automatic
rebuilding.... The added complexity of a threshmdticy on top of a biomass-based policy serves no
useful purpose, is harder to implement, and wilhlaeder for the public to understand. The curstmtk
assessment approach is sufficient to assure thatdtdevels provide for sufficient rebuilding winhthe
specified period of 10 years....”
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June 1998: Amendments 56/56 approved by the Couiibkése amendments would institute various
changes intended to address the requirements @8t version of the National Standard Guidelines.
Changes included lowering the asymptote of the ©dtitrol rules for Tiers 2-4 and the asymptote ef th
maxABC control rule for Tier 2 so that MSY was tezhconsistently as a limit rather than a target, b
did notinclude specifying MSST.

March 1999: Amendments 56/56 implemented. Sedattgwproval had been granted with the
understanding that these amendments containedg fmoMSST and thaB,q., corresponded to the
MSY level in Tier 3. The MSST proxy involved shifg the intercept of the OFL control rule on a case-
by-case basis such that rebuilding to the MSY lexalld be expected within 10 years even if catches
were set equal to the value associated with the €Rtrol rule in each year. However, this proxy hatl
been considered by either the SSC or the Coundihad not been tested at the time of approval.

April-July 1999: The MSST proxy envisioned by thecBtary when Amendments 56/56 were approved
turned out to be highly impractical, resulting i3 of zero for some stocks that were only modestly
belowBy,o,, Many alternative methods for interpreting or sawg Amendments 56/56 were then
examined for each stock managed under Tiers 1-3.

August 1999: NMFS revised its interpretation of Ardments 56/56, and decided upon a strategy to be
used in completing the required status determinagport (the “Report to Congress”). Major features
included the following: 1) an MSST was used forsadicks managed under Tiers 1-3Bg},was used as
the proxy for the MSY level in Tier 3 (this did nawolve a change in the control rule, but rather a
interpretation as to when a stock would be coneidiérebuilt”); 3) a “regime shift” commencing in 19
was recognized, meaning that all recruitment tierées were standardized such that no year classes
spawned prior to 1977 were included; and 4) a sitio approach was used to determine whether the
stock would be expected to rebuildBgsy (Tiers 1-2) or thdBysyproxy (Tier 3) within 10 years if fished
at the OFL control rule.

November 2010: Amendments 96(BSAI)/87(GOA) impletedn Among other things, these
amendments finally formalized the procedure outlinbove, which had been used in all SAFE reports
since 1999.

Current FMP text

Definition of Terms:

Minimum stock size threshold (MSST) is the leveb@mass below which the stock or stock complex is
considered to be overfished. To the extent posdideMSST should equal whichever of the followisg
greater: One-half the MSY stock size, or the minimsiock size at which rebuilding to the MSY level
would be expected to occur within 10 years, ifstack or stock complex were exploited at the MFMT.

Determination of “Overfished” Status:

A stock or stock complex is determined to be “ogtdd” if it falls below the MSST. According to the
National Standard Guidelines definition, the MS$lias whichever of the following is greater: Onéfha
the MSY stock size, or the minimum stock size aicWwhebuilding to the MSY level would be expected
to occur within 10 years, if the stock or stock pbex were exploited at the MFMT.

The above definition raises two questions: 1) Hewhe definition to be applied when “the MSY level”
cannot be estimated? 2) In the context of an agetsted assessment, what is the meaning of tresehr
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“the minimum stock size at which rebuilding to &Y level would be expected to occur within 10
years?” These questions are addressed in this BMtlaws:

1. Direct estimates dBysy(i.€., “the MSY level”) are available for Tiers hch2. For Tier 3, no
direct estimate oBysyis available, buBssyis used as a proxy f@ysy. For Tiers 4-6, neither
direct estimates dy;synor reliable estimates &y syproxies are available. Therefore, the
“overfished” status of stocks and stock complexasaged under Tiers 4-6usdefined

2. For a stock assessed with an age-structured maslé fypically the case for stocks and stock
complexes managed under Tiers 1-3), there is nharedne stock size or numbers-at-age vector
at which rebuilding to the MSY level would be expatto occur in exactly 10 years. Generally,
there is no limit to the range of numbers-at-agears that satisfy this constraint, and each of
these vectors corresponds to a stock size. Therestwrck status in Tiers 1-3 is determined
annually as follows: The determination of “overfishi status begins with an estimate of the
stock’s “current spawning biomass,” which is defirees the estimated spawning biomass for the
“current year,” which in turn is defined as the m@xent year from which data are used in the
assessment. Given these definitions, and with midenstanding thdsse, is used as a proxy for
Busyin Tier 3, the determination proceeds as follows:

a. If current spawning biomass is estimated to bevbé&tB,sy, the stock is below its
MSST.

b. If current spawning biomass is estimated to be aBgy¥ythe stock is above its MSST.

c. If current spawning biomass is estimated to be aB6Bysybut belowBysy;, then
conduct a large number of stochastic simulationprbjecting the numbers-at-age vector
from the current year forward under the assumgtianit will be fished at the MFMT in
every year, and determine status as follows:

i. If the mean spawning biomass in the 10th year beyioa current year is below
Busy, the stock is below its MSST.

ii. Otherwise, the stock is above its MSST.
Analysis

Why is this an issue?

Although the current MSST definition is taken dilgdrom the National Standard Guidelines, other
FMPs for other U.S. fisheries have typically gorstep further and specified a numeric value for the
MSST. Under the BSAI and GOA Groundfish FMPs,gthecess of conducting an annual (or bi-annual)
test involving the stock’s size relativeBgsyand ¥2Bysyand its ability to rebuild t8ysyin 10 years if
fished atFor. makes it impossible to tdlow closea stock is to being overfished, and impossible to
compare performance in this respect to that ofrdtbeeries. Struggles with the NMFS Office of
Sustainable Fisheries and others occur nearly gxegayover how to report the “real” MSSTs for BSAI
and GOA groundfish stocks, which consume consideramounts of time.

The reasons why the FMPs currently do not specifyraeric value for MSST are as follow:
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1. When Amendments 56/56 were approved without inclusif an MSST and the Secretary’s
initial interpretation proved to be infeasibleséemed that the only defensible procedure (i.e., th
only procedure that wouldot involve creation of a new, non-established polioygomply with
the Guidelines’ requirement for inclusion of an MS8as to use the definition contained in the
Guidelines themselves, but this did not provideezimanism for specifying a numeric value.

2. Development of Amendments 96(BSAI)/87(GOA) mightégrovided an opportunity to include
a mechanism for specifying a numeric value, butiised to get these amendments developed and
approved quickly limited their contents to claréion of existing procedures only.

3. For stocks that are assessed using age-structweelsnit was recognized early on that there is
no unique stock size at which rebuildingBigsywould be expected to occur in 10 years if the
stock were to be fished BtFor in each year (this would not be the case for st@dsessed
using biomass dynamic models, where a unique stizekloesexist). This is addressed below.

Non-uniqueness of the stock size at which rebulldaBysyis expected in 10 yearskEFor,

The question of uniqgueness was explored using plsjrage-structured model. To keep the
parameterization simple, the conventional rulenoftb in whichFsse, equalaM (e.g., Clark 1991) was
assumed. Main model features included the follgwin

Linear weight at age (as in Thompson 1992).

Infinite maximum age.

ConstantM with respect to age and time.

Selectivity=1 at all ages above the age of maturity

The fishery occurs instantaneously at the statth@fyear.

Knife-edge maturity at the maximum age consistdtit e conventional rule of thumb setting

Fas0 €qual toM (themaximunmconsistent age was chosen because fofggagto equaM in this

model constrains the feasible range for the ageasdirity to values lower than those that might

be expected (e.g., Clark 1991, Jensen 1996)).

7. The ratio of weight at the age of maturity to weighage 0 was set at the value that Beisg
equal toM.

8. The OFL control rule was the same as the curreetJrule, but expressed as exploitation Eate
(i.e.,E=1-exp(F)), not instantaneous.

9. Catch=OFL in all years.

10. Exploitation rate was set at a constant initiakleés,; in all years prior to year 1

11. Prior to year 1, recruitment followed a sine wanthwiven mean, coefficient of variation (CV),

period, and offse (an example is shown in Figure 7; the offset daeiiees the time when the

sine wave first passes through the mean on theioggvirom year 1 onward, recruitment was

held constant at the average of the sine wave.

ourwnNE

Two values of recruitment CV were analyzed: 0 afad G-or the CV=0 case, the period ayndarameters
were not applicable. Otherwise, the following @acl design of parameters was used (mean recraoitme
was not included in the factorial design becausartels out):

« M={0.05,0.10}

« CVv={0,0.5}

e period = {5, 10, 20, 40}

* ty/period ={0, 0.2, 0.4, 0.6, 0.8}
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This design resulted in a total of 1 CV=0 case 2m€V=0.5 cases for each valuehdf giving a grand
total of 42 cases. For each case, the model wasdstor the value oE;,; at which the stock would
rebuild toBasse, in exactly 10 years. The results are summarizéichble 1.

The critical values OE;, are shown in the next-to-rightmost column of Tablgells are shaded so that,
for a givenM and CV=0.5, the highest valueskf are red and the lowest are green). The following
results were obtained for each valudvbfl) E;; values in the CV=0 case fell within the rangdcgf
values among the CV=0.5 cases, 2) the highestaanekt values OE;, were obtained among the
period=40 cases, and 3) there was at least onenteseE;, was less thai.

Ratios of initial biomass&.;) to Bsse, are shown in the right-most column of Table 1 ¢fha convention

is the same as for the preceding column). Sontleeofrends parallel those f&r,;. Specifically, for each
value ofM: 1) ratios in the CV=0 case fell within the rargjeatios among the CVV=0.5 cases, and 2) the
highest and lowest ratios were obtained among ¢hieg=40 cases (with one exception: k6x0.10, the
ratio for the {period=10ty/period=0.2} case was slightly lower than the minimratio among the
period=40 cases).

Most important, though, were the following two riésu

1. ForM=0.05, all cases resulted B3,/Bsse, ratios between 0.5 and 1.0; while fd#0.10, 16 cases
resulted in ratios less than 0.5, and 5 casesteglsinl ratios between 0.5 and 1.0. If any of the
M=0.05 stocks or any of theNs=0.10 stocks with ratios between 0.5 and 1.0 had lhished
initially at rates higher than their respectiug values, they wouldot have rebuilt tdBysywithin
10 years if fished & or.. This casts doubt on the conclusion reached &B®C in April 1998
regarding the extent to which the existing OFL colnules would assure rebuilding Bysy
within 10 years if the stock were fishedrak, .

2. The initial stock size at which rebuilding Byisywould occur within 10 years if the stock were
fished atFor. is not unique. Rather, it depends on the agetsirel at the start of the 10-year
period. Among thé&1=0.05 case®;, ranged from 79% to 97% &hs,, ForM=0.10, 16 cases
hadB,,; values that were less than 50¥Bgky, in which case MSST would bet set tByzv
while the other 5 cases hBg; values ranging from 53% to 63% Bz,

Some options for future consideration

Some options for further analysis regarding isidr#taddition to retaining the status quo, incltite
following:

1. Specify MSST as the greater of: aBkay, or b) the smallestquilibriumstock size at which the
stock would be expected to rebuildBgsywithin 10 years if it were fished &br in each year.
Advantages: fairly simple; proximity of the stoekMSST could be measured; management of
BSAI and GOA groundfish would be more comparabletteer U.S. fisheries; may provide
additional protection for long-lived stocks. Disadtages: depending on the age structure of the
stock, could result in a stock being declared “tished” even though the stock would be
expected to rebuild tBysywithin 10 years when fished B, .

2. Specify MSST as the greater of: aBkay or b) the smallestisequilibriumstock size at which
the stock would be expected to rebuildigywithin 10 years if it were fished &br in each
year. Advantages: proximity of the stock to MS®lId be measured; management of BSAI and
GOA groundfish would be more comparable to othé&. @isheries; may provide additional
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protection for long-lived stocks; regardless of dige structure of the stock, would never result in
a stock being declared “overfished” if the stockudobe expected to rebuild Bysywithin 10
years when fished &r. Disadvantages: very complicated; depending eratfe structure of

the stock, could result in a stock being declareat tverfished” even though the stock woulot

be expected to rebuild Bysywithin 10 years when fished Bbr,.

I ssue #3: Possible ambiguitiesregarding how various anthr opogenic removals should be A) treated
in computation of fishing mortality reference points and B) counted against harvest specifications

Note: The term “anthropogenic removals” is intentiethclude removals resulting from scientific
research. This somewhat awkward term is usedrréttba the more familiar “fishery removals” or
“removals due to fishing” because the Magnuson-&is\Act's defines “fishing” as being exclusive of
“any scientific research activity which is conduttey a scientific research vessel” (83(16)). Also,
“removals” should be understood here to mean “paemaremovals from thgopulation” not just
“permanent removals from tloeeari (e.q., fish discarded back into the ocean stilliat as “removals”).

Some potentially relevant excerpts from the Nati&@tandard Guidelines

In the following, page numbers refer to the pagthefFederal Register notice in which the current
version of the guidelines for National Standardetevpublished (Vol. 74, No. 11; January 16, 2009).

p. 3190:Comment 35Several commenters suggested that NMFS clanifgdage to ensure that all
aspects of fishing mortality (e.g., dead discarts @ostrelease mortality) are accounted for in the
estimates of ABC or when setting the ACL, and #iatatch is counted against OY. ResponseNMFS
agrees that all sources of fishing mortality, imithg dead discards and post-release mortality from
recreational fisheries must be accounted for, bliebes that language in § 600.310(e)(3)(v)(C)21D)
and (f)(3)(i) in both the proposed and final actguificiently explains that catch includes fishtthee
retained for any purposes, mortality of fish thavd been discarded, allocations for scientific aasg
and mortality from any other fishing activity....

p. 3206: (e)(2)(ii)(A)(2)Catch exceeds the OF8hould the annual catch exceed the annual OFL for
year or more, the stock or stock complex is comsitisubject to overfishing.

p. 3208: §600.310(e)(3)(v)(C) All catch must bemted against OY, including that resulting from
bycatch, scientific research, and all fishing atiée.

p. 3208: 8600.310(f)(2)(atchis the total quantity of fish, measured in weighbumbers of fish, taken
in commercial, recreational, subsistence, tribad] ather fisheries. Catch includes fish that ataimed
for any purpose, as well as mortality of fish thet discarded.

p. 3209: 8600.310(f)(3)(Ekxpression of ABCABC should be expressed in terms of catch, but neay
expressed in terms of landings as long as estintagcatch and any other fishing mortality not
accounted for in the landings are incorporated tinéodetermination of ABC.

p. 3210: 8600.310(g)(2hseason AMSNhenever possible, FMPs should include inseasoritaromg
and management measures to prevent catch fromairge&CLs....

p. 3210: 8600.310(g)(3).If catch exceeds the ACL for a given stock or stoafplex more than once in

the last four years, the system of ACLs and AMatthbe re-evaluated, and modified if necessary, to
improve its performance and effectiveness....
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p. 3213: 8600.310(l)(S)National Standard 9 (see 8600.35Byaluation of stock status with respect to
reference points must take into account mortabtysed by bycatch. In addition, the estimation tdlta
should include the mortality of fish that are distesd.

Background and current FMP text

Background

September 2010: Final EA for Amendments 96(BSAIEOA) published. Under the heading “Total
Catch Accounting,” the EA reads as follows: “Regidns at 50 CFR 8600.310(e)(3)(v)(C) require that
‘all catch must be counted against OY, includinat tlesulting from bycatch, scientific research, ahd
fishing activities.” The Groundfish FMPs would bmended to include the accounting for all commercial
and research catch in the annual stock assessnoeetsp. All types of catch, including bait, statavs,
and research catch (scientific research permitergeof acknowledgement and exempted fishing
permits), are estimated each year and provideuetstock assessment authors for inclusion in stock
assessment models for recommending OFLs and ABGkddollowing year. This will ensure that all
catch is accounted for in the stock assessmenégsand results in OFLs and ABCs that take into
account all types of harvests.”

Current FMP text

Stock Assessment and Fishery Evaluation Report:

Scientists from the Alaska Fisheries Science CetiterAlaska Department of Fish and Game, other
agencies, and universities prepare a Stock Assessmd Fishery Evaluation (SAFE) report annually.
The SAFE report is scientifically based, citingalaburces and interpretations. The SAFE reportigesy
information to the Council for determining annuahest specifications, documenting significant disen
or changes in the stocks, marine ecosystem, angries over time; and assessing the relative ssafes
existing State and Federal fishery management anagyr This document is reviewed first by the
Groundfish Plan Team, then by the SSC and AP, laerd by the Council. The review by the SSC
constitutes the official scientific review for puges of the Information Quality Act. Upon reviewdan
acceptance by the SSC, the SAFE report and angiatsih SSC comments constitute the best scientific
information available for purposes of the Magnu§tevens Act.

The SAFE report consists of three volumes: a voluorgaining stock assessments, a volume containing
economic analysis, and a volume describing ecasystasiderations.

The stock assessment volume contains a chaptebartepter for each stock or stock complex in the
“target species” category, and a summary chaptggred by the Groundfish Plan Team. To the extent
practicable, each chapter contains estimates ahallial harvest specifications except TAC, allnariee
points needed to compute such estimates, andfadihiation needed to make annual status
determinations with respect to “overfishing” andrédfished.” In providing this information, the SAFE
report uses the official time series of historitcbafor each stock or stock complex. This timeeseri

which is provided by the NMFS Alaska Region, indadstimates of retained and discarded catch taken
in the groundfish fisheries; bycatch taken in offi@reries; state commercial, recreational, and
subsistence fisheries; catches taken during steergsearch; and catches taken during the prosecat
exempted fisheries.

The other two volumes contain additional econosicial, community, essential fish habitat, and
ecological information pertinent to the succesmahagement or the achievement of FMP objectives.
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Harvest Specifications and TAC Overage:

Any amount of harvest that may exceed the TAC bélincluded in the total catch estimate used in the
next stock assessment. A higher catch during awdlaresult in a lower biomass in the subsequesary
For stocks managed under Tiers 1-5, this woulditresa lower maxABC in the subsequent year, aeel
being equal, because maxABC tends to vary diredgtly biomass (as a first approximation, maxABC =
maxFABC x biomass; therefore a lower biomass resalt lower maxABC). For the special case of a
stock managed under sub-tier "b" of any Tier 1-&relspawning biomass is below the reference level
(Bmsy in Tiers 1-2, B40% in Tier 3) of the ABC canitrule, the decrease will be compounded because
maxFABC also tends to vary directly with biomassirfg the same first approximation, lower maxFABC
and lower biomass results in an even lower maxAB®G).Tier 6 stocks, the information used to esgdbli
harvest levels is insufficient to discern the exsie or extent of biological consequences causeah by
overage in the preceding year. The assessmengffiairt Tier 6 stocks may not be able to describe th
biological consequences to the stock resulting famnoverage. Consequently, the subsequent year's
maxABC will not necessarily decrease. However, 38€ may recommend a decrease in the ABC for a
Tier 6 stock.

Analysis

Initial thoughts

Two sub-issues are contained in Issue #3: A) Houkl anthropogenic removals from various sources
be treated in the computation of fishing mortatigference points such Bgsy Fase, andFaee? B)
Whichanthropogenic removals should be counted agaihish harvest specifications?

With respect to the first sub-issue, the followarg some possibilities for computifgsy (these presume
the existence of multiple sources of removals, eethits ownF, including those sources whose
removals are discarded):

1. Fusyis the vector of source-specific mortality ratiegttmaximizes the aggregate equilibrium
removals of the stock from all sources.

2. Fusyis the vector of source-specific mortality ratesttmaximizes the aggregate equilibrium
landedremovals of the stock from all sources conditiarathe existing-s for the sources
generatingliscardedremovals.

3. Fusyis the vector of source-specific mortality ratesttmaximizes the aggregate equilibrium
landedremovals of the stock from all sources conditiamaF=0 for each of the sources
generatingliscardedremovals.

4. Fysyis the mortality rate that maximizes equilibrivotal removals of the stock from the
groundfish fishery conditional on the existiRg for the other sources of removals.

5. Fusyis the mortality rate that maximizes equilibritmhal removals of the stock from the
groundfish fishery conditional df=0 for each of the other sources of removals.

Analogous lists could be developed Fagy, andF400, It may be noted that the original papers by IClar
(1991, 1993) seemed to presume a single souraglmiogpogenic removals, viz., the target fishenyis |
not clear how the results of those papers mighe lzésanged had additional sources of removals been
included in the analysis. Because of this, itridpbly premature to suggest that, even in theepasof
multiple significant sources of removals, allowithg target fishery to fish at thesy, rate will always
tend in the long run to provide an average yietgelto MSY.
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Turning to the second sub-issue, here are somébpiies for the types of removals that should be
counted against one or more of the various haspstifications (TAC, ABC(=ACL), OFL, OY):

1. Catches taken in the groundfish fishery only.

2. Groundfish catches plus catches retained for sadéher fisheries.

3. Groundfish catches plus all catches taken in dtkeeries (including discards and fish retained
for use as bait).

4. Catches taken in all fisheries plus removals resgpufrom scientific research.

Modeling the problem

The two sub-issues may not be independent, of eourkerefore, they will be addressed simultangousl
here using a simple, age-structured model broantiyas to the model analyzed under Issue #2. The
major difference is that the model used here iragduigvo fisheries: a “target” fishery (fishery 1 thvi
fishing mortality raté=; and catclC,;) and a “non-target” fishery (fishery 2, with fisigi mortality rate~,
and catclC,). Other main model features included the follagvin

Features 1-4 were the same as in the model analymbst Issue #2:

Linear weight at age.

Infinite maximum age.

Age-invariantM.

Selectivity=1 at all ages above the age of maturity

pPwpdpPE

Features 5-7 in the model analyzed under Issuee#@ modified in light of the addition of a non-tatg
fishery as follows (bold italic font indicates aartge from the previous model):

5. Thetarget fishery occurs instantaneously at the start ofyda;fishery 2 occurs at a constant
rate throughout the year.

6. Knife-edge maturity at the maximum age consistédtit e conventional rule of thumb setting
Fas for thetarget fishery equal toM, given a zero rate of fishing mortality for fishery 2.

7. The ratio of weight at the age of maturity to weighage 0 was set at the value that Bgjgfor
thetarget fishery equal toM, given a zero rate of fishing mortality for the fishery 2.

Features 8-11 in the model analyzed under Issweet2 replaced by the following

8. The stock-recruitment relationship follows the fasaoggested by Cushing (1971).

9. The Cushing exponent was set at the value th&gefor the target fishery equal M, given a
zero rate of fishing mortality for fishery 2.

10. No kinks in the control rules for Tiers 2 and &J(j.control rules are of the “consta&itform).

11. ABC=maxABC in all cases.

Figure 8 (based ol=0.05) shows an example of how equilibrium yieldhis model varies for fishery
1, fishery 2, and the combined fisheries; eachfasetion ofF;. Equilibrium yield for the combined
fisheries wher,=0.9M is shown by the magenta curve, and is maximizéd=#.026, as indicated by
the dashed magenta line. Equilibrium yield foh&ésy 1 wherF,=0 (same as equilibrium yield for the
combined fisheries whef,=0) is shown by the blue curve, and is maximizelg,;a0.05, as indicated by
the blue dashed line. Equilibrium yield for fishdrwhenF,=0.9M is shown by the red curve, and is
maximized aF;=0.091, as shown by the red dashed line. Equilibtyield for fishery 2 giveir,=0.05 is
shown by the green curve, and is maximizel,a0.
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As can be inferred from Figure 8, one propertyhig model is that the value Bf that maximizes
equilibrium yield from either fishery 1 or the coimed fisheries is a function &. Likewise, the value
of F, that achieves a specified equilibrium level oatele spawning per recruit (e.g., 35%, 40%) is a
function of F,. To keep these properties explicit, the valug,adhat maximizes the equilibrium yield
from fishery 1 will be writterFmsy(F»), and the value df, that achieves an equilibrium relative
spawning per recruit level of X% will be writtérspry(F,,X%). An example is illustrated in Figure 9
(based orM=0.05). BothFmsyi(F,) andFspr(F,,35%) are expressed relativeMo As the figure shows,
these two fishing mortality reference points mavepposite directions as functionskef with

Fmsyi(F,) increasing (blue curve) aspr(F,,35%) decreasing (red line) until it reaches zéie,aM.

The model was run for 320 different cases, usiegehowing factorial design:

+ M={0.05, 0.10, 0.20, 0.30}

 FJ/M={0.1,0.2,0.3, 04, 0.5}

o Tier={2, 3}

* Computation ofFabg andFofl, = {two tier-specificchoices described below}

* Computation ofc; andC, = {two tier-specificchoices described below}

* Computation of ABC and OFL = {twnon-tier-specificchoices described below}

For the Tier 2 cases, the choices for computatidrabg, Fofl;, C;, andC, were as follow:

Fabg andFofl; were computed using either

Fabe = Fspr, (0,40%)
Fspr, (0,35%)

Fabe = Fspr, (0,40%)
Fspr, (0,35%)

jEFmsy(O) and Fofl, =Fmsy(©) , or
]EFmsx(Fz) and Fofl, = Fmsy(F,)

C, andC, were computed using either

E - ( Fspr, (0,40%)
' | Fspr (0,35%)
_ [ Fspr, (0,40%)
t ( Fspr, (0,35%)

j[Fmsy(O) and F,=F, , or
jDFmsM(FZ) and F, =F,

For the Tier 3 cases, the choices for computatidrabg, Fofl;, C;, andC, were as follow:

Fabg andFofl; were computed using either

Fabg = Fspy (0,40%0) and Fofl, = Fspg (0,35%) , or
Fabg = Fspr(F,,40%) and Fofl, = Fspr(F,,35%)

C, andC, were computed using either
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F, = Fspt (0,40%) and F,=F, , or
F, =Fspr(F,,40%) and F,=F,

For the Tier 2 and Tier 3 cases, the choices fomprdation of ABC and OFL were as follow:

ABC and OFL were computed usifgbg only (for ABC) andFofl; only (for OFL), or
ABC and OFL were computed usifgbg andF, (for ABC) andFofl; andF, (for OFL).

The results are shown in Table 2 (eight pages)e Hehow to interpret these tables:

1. Inthe third column, F; assume§&,=07?" refers to whethdf, was assumed to equal zero when
determining the value &¥, that went into the computation 6f andC..

2. Inthe fourth column,F; assume&,=07?" refers to whethd¥, was assumed to equal zero when
determining the values éfabg andFofl; that went into the computation of ABC and OFL.

3. “Specs exclud€,?” refers to whether ABC and OFL were computed Witlexcluded.

4. For the Tier 2 tables, color coding in the firsbgp of four colored columns indicates how close
the cell values are to unity (i.e., how close thstainable yield under the ABC or OFL control
rules is to MSY). Green = closest to unity, gradio red = farthest from unity.

5. For the Tier 3 tables, color coding in the firsbgp of four colored columns indicates how close
the cell values are to the intended relative spagvper recruit (RSPR) values. In the “ABC
RSPR” columns, green = closest to 0.40, gradinmgdo= farthest from 0.40; in the “OFL RSPR”
columns, green = closest to 0.35, grading to réatthest from 0.35.

6. For all tables, color coding in the second groufoaf colored columns indicates cell values
relative to zero. Red = cell value greater thaw featch exceeds ABC or OFL), yellow = cell
value equal to zero (catch equals ABC or OFL), greeell value less than zero (catch is less
than ABC or OFL). For both ABC and OFL, two colusrare shown. The first shows the result
if both C; andC, are counted against the respective specificasiod the second shows the result
when onlyC; is counted.

The values listed in Table 2 cover wide rangessbuie trends are evident. One of these is thaalifo
values ofM and both Tiers, the highest and lowest valuesinnens 6-9 occur whek, is highest
(bottom section on each page of each table), withdalues occurring whel, is assumed to be zero,
both when determining the valuel®fthat went into the computation 6f andC, and when determining
the values ofFabg andFofl; that went into the computation of ABC and OFL.other words,
equilibrium yields and relative spawning per recase lowest and whdfy, is high and ignored.

The cases where catch equaled ABC exactly areathe sn all pages of Table 2. These are basically
tautologies, and have no relationship to how ckxgdglibrium yields are to MSY (Tier 2) or how well
specified levels of relative spawning per recro@ achieved (Tier 3).

There were many cases where ABC or OFL was exceeSlederal of these corresponded to situations in
which C, was ignored when setting the harvest specificatimrt then counted against those
specifications after the fact, which is a fairlegictable result. However, there were notdhly cases
where overages occurred. Even when @ilwas counted against the harvest specificatiome tivere
many cases where overages occurred, with respbothoABC and OFL. In cases where o@lywas
counted against OFL, consistent patterns emergdabtb Tier 2 and Tier 3. For Tier 2, an overage
occurred whenever columns 3, 4, and 5 equaled “yes,” and “yes,” respectively arteh was at least

20% of M. For Tier 3, an overage occurred whenever coluBnds and 5 equaled “yes,” “no,” and “yes,”
respectively anér, was at least 20% .
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Some options for future consideration

Some options for further analysis regarding iss;idr#addition to retaining the status quo, incltite
following:

1. Clarify how fishing mortality reference points stdbe computed when multiple sources of
significant anthropogenic removals exist. Advastaghould reduce the possibility of misusing
existing reference points. Disadvantage: may cwaia the management process.

2. Clarify which anthropogenic removals should be d¢edragainst the various harvest
specifications. Advantages: compliance with Natidtandard 1 Guidelines would be more
obvious than at present. Disadvantages: knowirighmemovals should be counted against the
specifications, by itself, does nothing to previgise specifications from being exceeded; may
complicate the management process.

3. Set TAC below ABC by an amount sufficient to keefak anthropogenic removals below ABC.
Advantages: compliance with the National Standa@lidelines would be more obvious than at
present; total anthropogenic removals would likady exceed ABC. Disadvantages: fewer fish
would be available to the groundfish fishery; woaldhost certainly complicate the management
process, including the setting of TACs and the anithtion of research fishing.

4. Redefine ABC or ACL to be exclusive of certain tgmd anthropogenic removals. Advantages:
might not require reductions in TAC in order to Bg&BC/ACL from being exceeded (because
some removals would not count). Disadvantageat &wtthropogenic removals might still exceed
QY or OFL (because the removals excluded from ABTI/Avould not be excluded from
OY/OFL); compliance with the National Standard lid&lines might not be obvious.
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Figure 1. Five utility functions exhibiting constarlative risk aversiorRRA.
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Figure 2. Relative yieldRY) from a Schaefer model undemsy=0.2 (blue curve) anBmsy0.4 (red
curve). Averag®Yis shown by the green curve. The intersectioth@®blue and red curves is indicated
by the dashed magenta lines. Maximum aveRges indicated by the green dashed lines. Blueradd
dashed lines indicateY from the blue and red curves wheis at the value that maximizes aver&)ée
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Figure 3. Optimal fishing mortality rates for theh@efer model under equi-probaBimsyvalues of 0.2

and 0.4 as a function of the level of relative asfersion RRA. In both panels, the black curve indicates

the optimal fishing mortality rate across the resipe range of RRA values, and the dashed grees lin
indicate the location of the risk-neutral optimuffigure 3aRRAranges from -2 to 2. Dashed orange
lines indicate location of the optimum whRA=1. Figure 3bRRAranges from -20 to 100 (note that

the range

showed in Figure 3a is a subset of tigeerahown in Figure 3b). Dashed magenta line

indicates location of;.;, the value of at which the two relative yield curves in Figurengrsect.
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Figure 4. Same as Figure 2, but with dashed rddare lines omitted, and locus of optima addeddkbl
curve). Optima correspond to a continuous randgeRAvalues from < to oo.
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Figure 5. Order means of relative yieRM as a function of the fishing mortality rate, four values of
relative risk aversiorRRA: -1 (purple), 0 (green), 1 (orange), and 2 (lighte). See text for details.
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Figure 6. Values oP* that seimaxFgc (as determined by tHe* approach) equal to the harmonic mean
of Fmsy for two functional forms (lognormal and gammaljtodé Fmsypdf and a range of values for the
coefficient of variation characterizing those pdf§he harmonic mean is the decision-theoreticaytn.
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Figure 7. Example relative recruitment trend (blagkve). Blue and red dashed lines indicate maxima
and minima (displaced from unity by sqrt(2)CV). dbad green line indicates the “offset” (i.e., tineet
at which the curve first passes through unity (ddsihmagenta line) on the upswing).
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Figure 8. Equilibrium yield for fishery 1, fishe®y and the combined fisheries as a functiok,pbased
onM=0.05. Equilibrium yield for fishery 1 is shownrfawvo values of, (0 and 0.M). Equilibrium
yield for the combined fisheries and fishery 2 @esaditional onF,=0.5M.
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Figure 9. Values ofF; that maximize equilibrium yield from fishery 1 @& curve) and that set
equilibrium spawning per recruit equal to 35% df firistine value (red line) as a functionFef(based
onM=0.05). Values oF; are expressed relative kb

34



This is a draft document and does not necessafyasent agency opinion or policy.

Table 1. Minimum initial biomass (relative Basy) at which rebuilding tdssy, will be achieved within
10 years if the stock is fished g, every year under a variety of scenarios. See teairfor details.

M Rec. C\  Perioc t/Per Eini Bini/B3sos
0.0 0 n/e n/e 0.05¢ 0.867
0.0t 0.t 5 0 0.06( 0.86:
0.0t 0.t 5 0.2 0.06: 0.85(
0.0t 0.t 5 0.4 0.06( 0.86(
0.0t 0.t 5 0.€ 0.05¢ 0.87¢
0.0 0.t 5 0.8 0.05¢ 0.881
0.0t 0.5 1C 0 0.05¢ 0.891
0.0t £ 1C 0.2 0.06: 0.85¢
0.0t 0.5 1C 0.4 0.06¢ 0.83¢
0.0t 0.t 1C 0.€ 0.06( 0.85¢
0.0t 0.t 1C 0.8 0.052 0.89¢
0.0t 0.5 2C 0 0.07¢ 0.81¢
0.0t 0.t 2C 0.2 0.06( 0.84¢
0.0t 0.5 2C 0.4 0.04¢ 0.91¢
0.0t £ 2C 0.€ 0.05( 0.91¢4
0.0t 0.5 2C 0.8 0.06¢ 0.85:
0.0t 0.t 4C 0 0.05: 0.921
0.0t 0.5 4C 0.2 0.087 0.83(
0.0t 0.t 4C 0.4 0.09( 0.79¢
0.0t 0.t 4C 0.€ 0.04 0.871
0.0t £ 4C 0.8 0.03¢ 0.97(
0.1( 0 n/e n/e 0.24: 0.441
0.1C 0.t 5 0 0.20¢ 0.47:
0.1C 0.t 5 0.2 0.19¢ 0.492
0.1C 0.t 5 0.4 0.24¢ 0.44¢
0.1C 0.t 5 0.€ 0.321 0.40(
0.1C 0.t 5 0.8 0.28: 0.41(
0.1C 0.t 1C 0 0.32¢ 0.41¢
0.1C 0.t 1C 0.2 0.39( 0.381
0.1C 0.t 1C 0.4 0.22¢ 0.43¢
0.1C 0.t 1C 0.€ 0.15¢ 0.53:
0.1C 0.5 1C 0.8 0.202 0.49¢
0.1C 0.t 2C 0 0.14 0.57:
0.1C 0.t 2C 0.2 0.27¢ 0.45(
0.1C 0.t 2C 0.4 0.43¢ 0.38¢
0.1C 0.t 2C 0.€ 0.33: 0.38¢
0.1C 0.t 2C 0.8 0.127 0.54¢
0.1C 0.t 4C 0 0.081 0.63:
0.1C 0.t 4C 0.2 0.14: 0.572
0.1C £ 4C 0.4 0.32 0.42¢
0.1C 0.t 4C 0.€ 0.461 0.38:
0.1( £ 4C 0.8 0.27: 0.407
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Table 2 (p. 1 of 8M=0.05, Tier 2). Exploration of total catch accoungti See text for explanation.

\1%

F1 assume | Spec Tier 2

F2=07? excludef ABC SY/MSY| OFL SY/MSY| ABC overage| OFL overag
M F2 | Catct Spec| C27 | Catct Spec | Catct Spec |C1+Cz C1 |Cl1+Cz C1
0.0t 0.00%| vyes yes yes | 0.977 0.977( 0.99¢ 0.99¢| 0.11¢ 0.00C| -0.07¢ -0.17¢
0.0t 0.00%| vyes yes nc | 0.977 0.977| 0.99¢ 0.99¢| 0.00C -0.104| -0.15¢ -0.24¢
0.0t 0.00%| vyes ne yes | 0.977 0.99z( 0.99¢ | 1.00C| -0.02% -0.127f -0.19% -0.27¢
0.0t 0.00%| vyes ne nc | 0.97710.992| 0.99¢  1.00C| -0.11% -0.207| -0.25¢ -0.33¢
0.0t 0.00¢| nc yes yes 10.992 0.977| 1.00C 0.99¢| 0.26( 0.14t| 0.04C -0.05%
0.0t 0.00t| nc yes nc |0.992 0.977| 1.00C 0.99¢| 0.12¢ 0.02¢| -0.05C -0.13:
0.0t 0.00¢| nc ne yes 10.992 0.99z( 1.00C 1.00C| 0.101 0.00C|-0.091 -0.17¢
0.0t 0.00¢| nc ne nc |0.992 0.992| 1.00C 1.00C| 0.00C -0.091f -0.16C -0.23}
0.0¢ 0.01| vyes yes yes | 0.95¢ 0.95¢( 0.98¢ 0.98¢| 0.23z 0.00C| 0.01€¢ -0.17%
0.0t 0.01| yes yes nc | 0.95¢ 0.95¢| 0.98¢ 0.98¢| 0.00C -0.18¢] -0.14€ -0.30¢
0.0¢ 0.01| vyes ne yes [ 0.95¢ 0.99¢| 0.98¢ 1.00C| -0.051 -0.22¢| -0.21¢ -0.36%
0.0t 0.01| yes ne nc | 0.95¢  0.99:¢| 0.98¢ 1.00C| -0.19%¢ -0.34f] -0.315 -0.44:
0.0t 0.01| nc yes yes [0.99¢ 0.95¢| 1.00C 0.98¢| 0.52¢ 0.29¢| 0.26( 0.071
0.0t 0.01| nc yes nc | 0.99¢ 0.95¢] 1.00C 0.98¢| 0.23¢ 0.05¢] 0.05¢ -0.10C
0.0t 0.01| nc ne yes [0.99¢ 0.99¢| 1.00C 1.00C| 0.17¢ 0.00C] -0.02¢ -0.17¢
0.0t 0.01| nc nao nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.15(] -0.15C -0.27¢
0.0t 0.01f| vyes yes yes | 0.93f 0.93%| 0.97z 0.972| 0.34¢ 0.00C| 0.111 -0.17¢
0.0t 0.01f| yes yes nc | 0.93t 0.93t]| 0.97z 0.97z| 0.00C -0.257] -0.13Z -0.357
0.0t 0.01f| vyes ne yes | 0.93f 0.99¢( 0.972 1.00C]| -0.07¢ -0.31¢] -0.23¢ -0.43:
0.0t 0.01f| vyes ne nc | 0.93t 0.99¢]| 0.972 1.00C| -0.251 -0.44<] -0.35¢ -0.52:
0.0t 0.01f| nc yes yes [0.99¢ 0.93t| 1.00C 0.97z| 0.797 0.45¢| 0.48: 0.20¢
0.0t 0.01f| nc yes nc | 0.99¢ 0.93t]1.00C 0.97z| 0.33t 0.08%| 0.15¢ -0.06:
0.0t 0.01f| nc ne yes [0.99¢ 0.99¢| 1.00C 1.00C| 0.23: 0.00C] 0.02C -0.17:
0.0t 0.01f] nc ne nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.18¢| -0.14% -0.30%
0.0t 0.0z | yes yes yes [ 0.911 0.911| 0.95¢ 0.954| 0.461 0.00C| 0.20t -0.17¢
0.0t 0.0z | vyes yes nc 0.911 0.911] 0.95¢ 0.95¢| 0.00C -0.31%| -0.12t -0.401
0.0t 0.0z | yes ne yes [ 0.911 0.99¢| 0.95¢ 1.00C]| -0.101 -0.38t| -0.25¢ -0.491
0.0t 0.0z | yes ne nc | 0.911 0.99¢]| 0.95¢ 1.00C| -0.29¢ -0.51¢] -0.39% -0.58¢
0.0t 0.0z| nc yes yes [0.99¢ 0.911] 1.00C 0.95¢| 1.07¢ 0.62t| 0.711 0.341]
0.0t 0.0z| nc yes nc | 0.99¢ 0.911] 1.00C 0.95¢(| 0.42( 0.11%] 0.24% -0.02¢
0.0t 0.0z| nc ne yes 10.99¢ 0.99¢( 1.00C 1.00C| 0.27¢ 0.00C| 0.05€¢ -0.17:
0.0t 0.0z] nc ne nc |0.99¢ 0.99¢]| 1.00C 1.00C| 0.00C -0.21€|-0.13¢ -0.32F
0.0t 0.02t| vyes yes yes |1 0.888 0.88f| 0.93¢ 0.93/| 0.57¢ 0.00(| 0.29¢ -0.17¢
0.0t 0.02t| vyes yes nc | 0.88t 0.88t| 0.932 0.934| 0.00C -0.36f[ -0.11€ -0.43¢
0.0t 0.02t| vyes ne yes 1 0.888 0.99¢( 0.93¢ 1.00C| -0.12% -0.44<| -0.27% -0.54(
0.0t 0.02t| vyes ne nc | 0.88% 0.99¢| 0.932 1.00C| -0.331 -0.57%[ -0.421 -0.63Z
0.0t 0.02f| nc yes yes 10.99¢ 0.88%( 1.00C 0.934]| 1.35¢ 0.79¢| 0.94: 0.48¢
0.0t 0.02t] nc yes nc |0.99¢ 0.88t| 1.00C 0.934| 0.49t 0.14:| 0.32z 0.01C
0.0t 0.02f| nc [o yes 10.99¢ 0.99:( 1.00C 1.00C| 0.30¢ 0.00C| 0.08¢ -0.17:
0.0t 0.02f] nc ne nc |0.99¢ 0.99¢]| 1.00C 1.00C| 0.00C -0.23¢|-0.13/ -0.33¢
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Table 2 (p. 2 of 8M=0.05, Tier 3). Exploration of total catch accoungti See text for explanation.

1%
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F1 assume | Spec Tier 2

F2=07? exclud¢ ABC RSPR OFL RSPH ABC overage| OFL overag
M  F2 | Catct Spec| C2% | Catct Spec | Catct Spec [C1+Cz C1 |Cl1+C: C1
0.0t 0.00%| vyes yes yes |0.371 0.371(0.327 0.327| 0.11¢ 0.00C| -0.07¢ -0.17¢
0.0f 0.00%| vyes yes nc | 0.371 0.371] 0.327 0.32%| 0.00C -0.104] -0.15¢ -0.24¢
0.0t 0.00%| vyes ne yes | 0.371] 0.327 0.26¢ 0.13¢| 0.021 -0.08¢t
0.0¢ 0.00%| vyes ne nc | 0.371 0.327 0.11¢ 0.00:]-0.077 -0.17:
0.0t 0.00t| nc yes yes -0.00¢ -0.12(| -0.177 -0.27<
0.0t 0.00¢| nc yes nc -0.107 -0.211] -0.24¢ -0.33¢
0.0t 0.00t| nc ne yes 0.13z 0.00C| -0.08¢ -0.19¢
0.0t 0.00%] nc ne ne 0.00C -0.117| -0.17% -0.272
0.0¢ 0.01| vyes yes yes 0.232 0.00C| 0.01¢ -0.17:
0.0t 0.01| vyes yes na 0.00C -0.18¢] -0.14¢ -0.30¢
0.0¢ 0.01| vyes ne yes 0.62C 0.31%| 0.26¢ 0.02¢
0.0t 0.01| vyes na na 0.23¢ 0.00€¢| 0.021 -0.171
0.0t 0.01| nc yes yes -0.00¢ -0.24(| -0.18( -0.37:
0.0t 0.01| nc yes na -0.19¢ -0.387| -0.31C -0.47:
0.0t 0.01| nc ne yes 0.30¢ 0.00C| 0.02C -0.22(
0.0t 0.01] nc ne ne 0.00C -0.23f| -0.17¢ -0.37(
0.0t 0.01f| vyes yes yes 0.34¢ 0.00C| 0.111 -0.17¢
0.0t 0.01%| yes yes na 0.00C -0.257%] -0.13¢ -0.35i
0.0t 0.01f| vyes ne yes 1.10¢ 0.564] 0.57¢ 0.17(
0.0t 0.01%| yes na na 0.35¢ 0.00¢| 0.11¢ -0.16¢
0.0t 0.01f| nc yes yes -0.00¢ -0.36(| -0.182z -0.47:
0.0t 0.01f| nc yes na -0.26¢ -0.52f| -0.36% -0.58¢
0.0t 0.01f| nc ne yes 0.55C 0.00C| 0.16C -0.25Z
0.0t 0.01f| nc nc nc 0.00C -0.35f] -0.17¢ -0.46¢
0.0t 0.0z | yes yes yes 0.461 0.00C| 0.20t -0.17:
0.0t 0.0z | yes yes na 0.00C -0.31f] -0.12% -0.401
0.0t 0.0z | vyes ne yes 1.81¢ 0.93(| 0.98¢ 0.362
0.0t 0.0z | yes na na 0.47¢ 0.01z] 0.217 -0.163
0.0t 0.0z| nc yes yes -0.01Zz -0.487| -0.18t -0.57z
0.0t 0.0z| nc yes na -0.32¢ -0.64f| -0.40¢ -0.68¢
0.0t 0.0z| nc ne yes 0.907 0.00C| 0.34¢ -0.29¢
0.0t 0.0z] nc ne ne 0.00C -0.47¢] -0.177 -0.56¢
0.0t 0.02%| yes yes yes 0.57¢ 0.00C] 0.29¢ -0.17¢
0.0t 0.02%| vyes yes nc 0.00C -0.36%] -0.11¢ -0.43¢
0.0t 0.02%| yes na yes 2.97: 1.52¢] 1.56¢ 0.63(
0.0t 0.02t| vyes ne ne 0.59¢ 0.01%| 0.31t -0.16¢
0.0t 0.02¢| nc yes yes -0.01t -0.604| -0.18% -0.67<
0.0t 0.02¢| nc yes ne -0.37¢ -0.74¢| -0.447 -0.77¢
0.0t 0.02t| nc na yes 1.48¢ 0.00C| 0.60€¢ -0.35¢
0.0t 0.02%] nc ne ne 0.00C -0.59¢| -0.177 -0.66¢
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Table 2 (p. 3 of 8M=0.1, Tier 2). Exploration of total catch accougtirSee text for explanation.

F1 assume | Spec Tier 2
F2=07? exclud¢f ABC SY/MSY OFL SY/MSY ABC overage OFL overage
M F2 | Catct Spec| C27 | Catct Spec | Catct Spec |C1+Cz C1 |Cl1+Cz C1
0.1 0.01| vyes yes yes | 0.977 0.97:| 0.99¢ 0.99¢| 0.111 0.00C]-0.081 -0.17z
0.1 0.01| vyes yes nc | 0.977 0.977| 0.99¢ 0.99¢| 0.00C -0.10(| -0.157 -0.241
0.1 0.01| vyes ne yes | 0.977 0.99z( 0.99¢ | 1.00C| -0.02¢ -0.12¢| -0.19t -0.27¢
0.1 0.01| vyes ne nc | 0.977 1 0.992| 0.99¢ | 1.00C| -0.11¢ -0.20zf -0.25% -0.32¢
0.1 0.01| nc yes yes 10.992 0.977| 1.00C 0.99¢| 0.25¢ 0.14<| 0.037 -0.05:
0.1 0.01| nc yes nc |]0.992 0.977| 1.00C 0.99¢| 0.12¢ 0.03(| -0.04¢ -0.131
0.1 0.01| nc na yes 10.992 0.99z( 1.00C 1.00C| 0.09¢ 0.00C|-0.09z -0.171
0.1 0.01| nc ne nc |0.992 0.992| 1.00C 1.00C| 0.00C -0.087f -0.157 -0.23]
0.1 0.0z | yes yes yes [ 0.957 0.957| 0.98¢ 0.98¢| 0.22( 0.00C| 0.01C -0.17:
0.1 0.0z | yes yes nc | 0.957 0.957]| 0.98¢ 0.98¢| 0.00C -0.181] -0.14% -0.29¢
0.1 0.0z | yes ne yes | 0.957  0.99¢( 0.98¢  1.00C]| -0.05¢ -0.22¢| -0.21¢ -0.36(
0.1 0.0z | yes ne nc | 0.957 0.99¢] 0.98¢ 1.00C| -0.192 -0.33¢] -0.311 -0.43¢
0.1 0.0z| nc yes yes [0.99¢ 0.957| 1.00C 0.98¢| 0.511 0.29¢| 0.251 0.07:
0.1 0.0z| nc yes nc | 0.99¢ 0.957| 1.00C 0.98¢| 0.23¢ 0.06z| 0.061 -0.09(
0.1 0.0z| nc ne yes [0.99¢ 0.99¢| 1.00C 1.00C| 0.16€ 0.00C] -0.03% -0.17C
0.1 0.0z nc ne nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.14:] -0.147 -0.26¢
0.1 0.0¢| vyes yes yes [ 0.93¢ 0.934| 0.971 0.971] 0.32¢ 0.00C| 0.10C -0.17:
0.1 0.0¢| yes yes nc | 0.93¢ 0.93¢] 0.971 0.971| 0.00C -0.24¢] -0.132 -0.347
0.1 0.0¢| vyes ne yes | 0.932 0.99¢( 0.971 1.00C]| -0.087 -0.31%] -0.24Z -0.42¢
0.1 0.0¢| yes ne nc | 0.93¢ 0.99¢]| 0.971 1.00C| -0.25C -0.43¢| -0.355 -0.51¢
0.1 0.0:| nc yes yes [0.99¢ 0.934] 1.00C 0.971| 0.77: 0.45¢| 0.467 0.20¢
0.1 0.0:| nc yes nc | 0.99¢ 0.93¢]1.00C 0.971| 0.33¢ 0.09¢| 0.157 -0.04¢
0.1 0.0:| nc ne yes [0.99¢ 0.99¢| 1.00C 1.00C| 0.21% 0.00C] 0.01z -0.16¢
0.1 0.0t nc ne nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.17¢] -0.14C -0.29:
0.1 0.0¢| vyes yes yes | 0.90¢ 0.90¢€( 0.95¢ 0.95:| 0.437 0.00(| 0.18¢ -0.17:
0.1 0.0¢| vyes yes nc | 0.90¢ 0.90¢| 0.95¢ 0.95%| 0.00C -0.304] -0.12% -0.38¢
0.1 0.0¢| vyes ne yes 1 0.90¢ 0.99¢( 0.95¢ 1.00C| -0.11¢ -0.38<| -0.26¢ -0.48¢
0.1 0.0¢| vyes ne nc | 0.90¢ 0.99¢] 0.95¢ 1.00C| -0.29t -0.50¢| -0.38¢ -0.57¢
0.1 0.0¢4| nc yes yes 10.99¢ 0.90¢€ | 1.00C 0.95%| 1.03¢ 0.62<| 0.68¢ 0.34<
0.1 0.04| nc yes nc | 0.99¢ 0.90¢| 1.00C 0.95%| 0.41¢ 0.131] 0.24:5 -0.00¢
0.1 0.0¢| nc ne yes 10.99¢ 0.99:( 1.00C 1.00C| 0.25¢ 0.00C| 0.04<¢ -0.16¢
0.1 0.04| nc ne nc |0.99¢ 0.99¢]| 1.00C 1.00C| 0.00C -0.20%f -0.134 -0.31(
0.1 0.0t | yes yes yes 10.88% 0.88:f 0.932 0.932| 0.54: 0.00C| 0.277 -0.17:Z
0.1 0.0t | yes yes nc [0.88: 0.885| 0.932 0.93z| 0.00C -0.35zf -0.114 -0.42¢
0.1 0.0t | yes ne yes 10.88% 0.99¢( 0.932 1.00C| -0.14% -0.44%| -0.28t -0.537
0.1 0.0t | yes ne nc [ 0.88: 0.99¢| 0.932 1.00C| -0.331 -0.56¢| -0.417 -0.62Z
0.1 0.0t| nc yes yes 10.99¢ 0.88:( 1.00C 0.932| 1.30¢ 0.80C| 0.90¢ 0.49(
0.1 0.0¢| nc yes nc |0.99¢ 0.88¢| 1.00C 0.93z| 0.49t 0.167| 0.32¢ 0.03¢
0.1 0.0¢| nc ne yes 10.99¢ 0.99:( 1.00C 1.00C| 0.281 0.00C| 0.06¢ -0.16¢
0.1 0.0¢| nc ne nc |0.99¢ 0.99¢]| 1.00C 1.00C| 0.00C -0.21¢| -0.12¢ -0.32(
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Table 2 (p. 4 of 8M=0.1, Tier 3). Exploration of total catch accougtirSee text for explanation.
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F1 assume | Spec Tier 2
F2=07? exclud¢ ABC RSPR OFL RSPH ABC overape OFL overfge
M  F2 | Catct Spec| C2% | Catct Spec | Catct Spec [C1+Cz C1 |Cl1+C: C1
0.1 0.01| vyes yes yes |0.371 0.371(0.327 0.327| 0.111 0.00C| -0.081 -0.17:
0.1 0.01| yes yes nc | 0.371 0.371] 0.327 0.32%| 0.00C -0.10(] -0.157 -0.241
0.1 0.01| vyes na yes | 0.37] 0.327 0.25¢ 0.13%] 0.01¢ -0.08t
0.1 0.01]| vyes ne nc | 0.371 0.327 0.117 0.00¢| -0.07¢ -0.16¢
0.1 0.01] nc yes yes -0.00¢ -0.11¢| -0.177 -0.27C
0.1 0.01| nc yes ne -0.10¢ -0.20€¢| -0.24% -0.33(
0.1 0.01] nc na yes 0.127 0.00C] -0.09C -0.19:
0.1 0.01| nc nc nc 0.00C -0.117%] -0.17% -0.26¢
0.1 0.0z | yes yes yes 0.22( 0.00C| 0.01C -0.17z
0.1 0.0z | vyes yes na 0.00C -0.181] -0.14% -0.29¢
0.1 0.0z | yes ne yes 0.59¢ 0.30¢| 0.25C 0.02¢
0.1 0.0z | vyes na na 0.23t 0.01z] 0.02C -0.16¢
0.1 0.0z| nc yes yes -0.011 -0.23¢| -0.182 -0.36¢
0.1 0.0z] nc yes na -0.19C -0.374| -0.30¢ -0.46¢
0.1 0.0z| nc ne yes 0.29t 0.00C| 0.01¢ -0.21¢
0.1 0.0z| nc ne ne 0.00C -0.22¢| -0.17<¢ -0.36z
0.1 0.0%| yes yes yes 0.32¢ 0.00C| 0.10C -0.17z
0.1 0.0z | vyes yes na 0.00C -0.24¢] -0.132z -0.34:
0.1 0.0¢| yes ne yes 1.06¢ 0.55%] 0.54¢ 0.16¢
0.1 0.0z | vyes na na 0.35z 0.017] 0.11¢ -0.161
0.1 0.0:| nc yes yes -0.017 -0.35¢| -0.18% -0.467
0.1 0.0:] nc yes na -0.261 -0.51¢| -0.35¢ -0.58(
0.1 0.0:| nc ne yes 0.527 0.00C] 0.14t -0.25C
0.1 0.0:| nc nc nc 0.00C -0.34f] -0.17% -0.46(
0.1 0.0¢| vyes yes yes 0.437 0.00C| 0.18¢ -0.17z
0.1 0.0¢| vyes yes na 0.00C -0.30¢] -0.12% -0.38¢
0.1 0.0¢| vyes ne yes 1.74¢ 0.91%] 0.94: 0.35Z
0.1 0.0¢| vyes na na 0.47C 0.02:] 0.21z -0.15i
0.1 0.0¢4| nc yes yes -0.02% -0.477| -0.191 -0.56¢
0.1 0.04] nc yes na -0.32C -0.63¢| -0.40% -0.681
0.1 0.04] nc na yes 0.87C 0.00C] 0.321 -0.29:
0.1 0.04| nc nc nc 0.00C -0.46%| -0.17¢ -0.55¢
0.1 0.0t | vyes yes yes 0.54: 0.00C) 0.277 -0.17:
0.1 0.0t| vyes yes nc 0.00C -0.35z] -0.11< -0.42¢
0.1 0.0t | vyes na yes 2.855 1.49¢| 1.49: 0.61¢
0.1 0.0t | yes ne ne 0.58¢ 0.03(C| 0.30¢ -0.15:
0.1 0.0t] nc yes yes -0.02¢ -0.60(| -0.19¢ -0.66¢
0.1 0.0¢| nc yes ne -0.371 -0.741] -0.442 -0.77(
0.1 0.0t| nc na yes 1.42¢ 0.00C| 0.56¢ -0.35¢
0.1 0.0¢| nc ne ne 0.00C -0.58¢] -0.177 -0.661
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Table 2 (p. 5 of 8M=0.2, Tier 2). Exploration of total catch accougtirSee text for explanation.

F1 assume | Spec Tier 2
F2=07? exclud¢f ABC SY/MSY OFL SY/MSY ABC overage OFL overage
M F2 | Catct Spec| C27 | Catct Spec | Catct Spec |C1+Cz C1 |Cl1+Cz C1
0.2 0.0z | yes yes yes | 0.977 0.977| 0.99¢ 0.99¢| 0.101 0.00C| -0.08% -0.167
0.2 0.0z | yes yes nc | 0.977 0.977| 0.99¢ 0.99¢| 0.00C -0.09zf -0.15z -0.23(
0.2 0.0z | yes na yes | 0.977 0.99z( 0.99¢ | 1.00C| -0.03< -0.12Zf -0.19% -0.267
0.2 0.0z | yes ne nc | 0.977 1 0.992| 0.99¢ | 1.00C| -0.111 -0.19zf -0.24¢ -0.31¢
0.2 0.0z nc yes yes [0.992 0.977| 1.00C 0.99¢| 0.23¢ 0.14(| 0.031 -0.051
0.2 0.0z nc yes nc |0.99: 0.977| 1.00C 0.99¢| 0.12¢ 0.03t| -0.04¢ -0.12Z
0.2 0.0z nc na yes [0.992 0.99z| 1.00C 1.00C| 0.08¢ 0.00C]-0.09%¢ -0.16¢
0.2 0.0z nc ne nc |0.99: 0.992| 1.00C 1.00C| 0.00C -0.08(|-0.15z -0.21¢
0.2 0.0¢| vyes yes yes [ 0.957 0.957| 0.98¢ 0.98¢| 0.20C 0.00C] -0.001 -0.167
0.2 0.0¢| vyes yes nc | 0.957 0.957]| 0.98¢ 0.98¢| 0.00C -0.167] -0.13¢ -0.28:
0.2 0.0¢| vyes ne yes | 0.957  0.99¢( 0.98¢  1.00C| -0.067 -0.22%] -0.21¢ -0.34¢
0.2 0.0¢| vyes na nc | 0.957 0.99¢] 0.98¢ 1.00C| -0.187 -0.32%] -0.30z -0.41¢
0.2 0.04| nc yes yes [0.99¢ 0.957| 1.00C 0.98¢| 0.477 0.287| 0.23C 0.072
0.2 0.0¢| nc yes nc |0.99¢ 0.957| 1.00C 0.98¢| 0.231 0.07z| 0.05¢ -0.077
0.2 0.04| nc ne yes |[0.99¢ 0.99¢| 1.00C 1.00C| 0.14¢ 0.00C] -0.03¢ -0.16%
0.2 0.0¢| nc nao nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.12¢] -0.14C -0.25]
0.2 0.0€¢| yes yes yes [ 0.93% 0.93%| 0.97C 0.97(| 0.297 0.00C| 0.08C -0.167
0.2 0.0¢| yes yes nc | 0.93: 0.93:] 0.97C 0.97C| 0.00C -0.22¢] -0.12¢ -0.32¢
0.2 0.0€¢| yes ne yes | 0.93% 0.99¢( 0.97C 1.00C]| -0.101 -0.307] -0.24t -0.41¢
0.2 0.0¢| yes na nc | 0.93: 0.99¢] 0.97C 1.00C| -0.24<¢ -0.417] -0.34¢ -0.49¢
0.2 0.0¢ | nc yes yes [0.99¢ 0.93:| 1.00C 0.97C| 0.71€¢ 0.44Z| 0.42¢ 0.201]
0.2 0.0¢| nc yes nc ]0.99¢ 0.93:| 1.00C 0.97C| 0.32¢ 0.11Z| 0.15¢ -0.03(
0.2 0.0¢ | nc ne yes [0.99¢ 0.99¢| 1.00C 1.00C| 0.19C 0.00C] -0.001 -0.16(
0.2 0.06| nc nao nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.16(] -0.13Z -0.27(
0.2 0.0¢| yes yes yes [ 0.907 0.907| 0.951 0.951]| 0.39¢ 0.00C| 0.16C -0.167
0.2 0.0¢| yes yes nc | 0.907 0.90:| 0.951 0.951| 0.00C -0.28Z] -0.11¢ -0.367
0.2 0.0¢| yes ne yes [ 0.907 0.99¢| 0.951 1.00C]| -0.13% -0.37¢] -0.27C -0.47¢
0.2 0.0¢| yes [o nc | 0.907 0.99¢| 0.951 1.00C| -0.28¢ -0.48¢| -0.377 -0.55:
0.2 0.0¢| nc yes yes [0.99¢ 0.907| 1.00C 0.951| 0.957 0.60¢| 0.62¢ 0.33¢
0.2 0.0¢| nc yes nc |0.99¢ 0.907| 1.00C 0.951| 0.40t 0.154f 0.23¢ 0.017
0.2 0.0¢| nc [o yes [0.99¢ 0.99¢| 1.00C 1.00C| 0.21¢ 0.00C| 0.02¢ -0.15¢
0.2 0.0¢| nc ne nc |0.99¢ 0.99¢]| 1.00C 1.00C| 0.00C -0.17¢|-0.12f -0.28:Z
0.2 0.1 | yes yes yes [ 0.88C 0.88(| 0.93C 0.93(| 0.48¢ 0.00C]| 0.237 -0.167
0.2 0.1 | yes yes nc |0.88C 0.88C| 0.93C 0.93C| 0.00C -0.327f-0.11C -0.401
0.2 0.1 | yes [o yes 10.88C 0.994( 0.93C 1.00C| -0.16% -0.43¢| -0.29¢ -0.52¢
0.2 0.1 | yes ne nc |0.88C 0.99/]| 0.93C 1.00C| -0.32¢ -0.54f[ -0.40¢ -0.59¢
0.2 0.1 [o yes yes [0.99¢ 0.88(| 1.00C 0.93C| 1.19¢ 0.77¢| 0.83C 0.481]
0.2 01 ne yes nc |0.99¢ 0.88(| 1.00C 0.93C| 0.47¢ 0.197| 0.31¢ 0.06¢
0.2 0.1 [o [o yes [0.99¢ 0.994| 1.00C 1.00C| 0.23t 0.00C| 0.04¢ -0.15¢
0.2 0.1 ne ne nc ]0.99¢4 0.99/] 1.00C 1.00C| 0.00C -0.197f-0.11¢ -0.28
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Table 2 (p. 6 of 8M=0.2, Tier 3). Exploration of total catch accougtirSee text for explanation.
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F1 assume | Spec Tier 2
F2=07? exclud¢ ABC RSPR OFL RSPH ABC overape OFL overfge
M  F2 | Catct Spec| C2% | Catct Spec | Catct Spec [C1+Cz C1 |Cl1+C: C1
0.2 0.0z | yes yes yes |0.371 0.371(0.327 0.327| 0.101 0.00C| -0.08: -0.167
0.2 0.0z | yes yes nc | 0.371 0.371] 0.327 0.327| 0.00C -0.09z] -0.15Z -0.23(
0.2 0.0z | yes ne yes | 0.371] 0.327 0.24z 0.12¢| 0.00¢ -0.08¢
0.2 0.0z| vyes nc nc | 0.37] 0.32i 0.11: 0.011] -0.07% -0.16(
0.2 0.0z] nc yes yes -0.011 -0.114| -0.17¢ -0.262
0.2 0.0z| nc yes ne -0.101 -0.19%] -0.23¢ -0.317
0.2 0.0z| nc ne yes 0.11¢ 0.00(| -0.09% -0.18¢
0.2 0.0z nc nc nc 0.00C -0.104] -0.16¢ -0.25¢
0.2 0.0¢| yes yes yes 0.20C 0.00C| -0.001 -0.167
0.2 0.0¢| vyes yes na 0.00C -0.167%] -0.13¢ -0.28:
0.2 0.0¢| vyes ne yes 0.55¢ 0.29¢| 0.22¢ 0.021
0.2 0.0¢| vyes na na 0.22¢ 0.02z] 0.017 -0.15:
0.2 0.0¢4| nc yes yes -0.021 -0.23(| -0.18t -0.35¢
0.2 0.04] nc yes na -0.18t -0.35¢| -0.29¢ -0.447
0.2 0.0¢4| nc ne yes 0.27C 0.00C| -0.001 -0.21¢
0.2 0.04| nc nc nc 0.00C -0.217%] -0.171 -0.347
0.2 0.0¢| yes yes yes 0.297 0.00C| 0.08C -0.167
0.2 0.0€| vyes yes na 0.00C -0.22¢] -0.12¢ -0.32¢
0.2 0.0¢| yes ne yes 0.98¢ 0.53%| 0.49¢ 0.15¢
0.2 0.0€| vyes na na 0.34C 0.03%] 0.10¢ -0.14¢
0.2 0.0¢| nc yes yes -0.03z -0.34¢| -0.19¢ -0.457
0.2 0.0e| nc yes na -0.25¢ -0.497| -0.34¢ -0.562
0.2 0.0¢| nc ne yes 0.48¢ 0.00C] 0.11¢ -0.24:
0.2 0.06| nc ne ne 0.00C -0.32€¢| -0.17% -0.44:
0.2 0.0¢| vyes yes yes 0.39¢ 0.00C] 0.16C -0.16%
0.2 0.0¢| vyes yes na 0.00C -0.287] -0.11¢ -0.36i
0.2 0.0¢| yes ne yes 1.62( 0.881] 0.85¢ 0.33¢
0.2 0.0¢| vyes na na 0.45¢ 0.04:£] 0.201 -0.13i
0.2 0.0¢| nc yes yes -0.04% -0.46¢| -0.20: -0.557
0.2 0.0¢| nc yes na -0.31% -0.61¢| -0.39¢ -0.66¢
0.2 0.0¢| nc ne yes 0.80C 0.00C| 0.277 -0.291
0.2 0.0¢| nc na na 0.00C -0.444] -0.17% -0.54:
0.2 0.1 | vyes yes yes 0.48¢ 0.00C] 0.237 -0.167
0.2 0.1 | yes yes nc 0.00C -0.327] -0.11C -0.401
0.2 0.1 | vyes na yes 2.63¢ 1.44&| 1.357 0.58¢
0.2 0.1 | vyes nc nc 0.57z 0.05¢| 0.29¢ -0.12¢
0.z 0.4 na yes yes -0.05t -0.597| -0.21% -0.66(
0.2 041 nc yes nc -0.36¢ -0.72%| -0.43¢ -0.75¢
0.z 0.4 na na yes 1.31¢ 0.00C| 0.50C -0.35Z
0.2 0.4 nc nc nc 0.00C -0.56¢] -0.177 -0.64<
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Table 2 (p. 7 of 8M=0.3, Tier 2). Exploration of total catch accougtirSee text for explanation.

F1 assume | Spec Tier 2
F2=07? exclud¢f ABC SY/MSY OFL SY/MSY ABC overage OFL overage
M F2 | Catct Spec| C27 | Catct Spec | Catct Spec |C1+Cz C1 |Cl1+Cz C1
0.2 0.0¢| yes yes yes | 0.977 0.977( 0.99¢ 0.99¢| 0.09z 0.00C| -0.08t -0.162
0.2 0.0¢| vyes yes nc | 0.977 0.977| 0.99¢ 0.99¢| 0.00C -0.084| -0.147 -0.21¢
2 0.0% | yes na yes | 0.977 0.99z( 0.99¢ ' 1.00C| -0.03¢ -0.117| -0.18¢ -0.257
2 0.0% | vyes ne nc | 0.9770.992| 0.99¢ | 1.00C| -0.10¢ -0.181f -0.23¢ -0.301
2 0.0:| nc yes yes 10.992 0.977| 1.00C 0.99¢| 0.221 0.13:| 0.02: -0.051
2 0.0z nc yes nc |]0.99:2 0.977| 1.00C 0.99¢| 0.11¢ 0.037| -0.04¢ -0.11¢
2 0.0:| nc ne yes 10.992 0.99z| 1.00C 1.00C| 0.07¢ 0.00C| -0.09¢ -0.15¢
.2 0.0Z| nc ne nc |0.99: 0.992| 1.00C 1.00C| 0.00C -0.07%f -0.14€ -0.20¢
.2 0.0€| yes yes yes | 0.95¢ 0.95¢( 0.98¢ 0.98¢| 0.18z 0.00(| -0.01C -0.16%
.2 0.0e | yes yes nc | 0.95¢ 0.95€¢| 0.98¢ 0.98¢| 0.00C -0.15¢] -0.13¢ -0.26¢
.2 0.0€| vyes ne yes [ 0.95¢ 0.99z| 0.98¢ 1.00(C| -0.071 -0.214] -0.21% -0.33¢
.2 0.0€ | yes ne nc | 0.95¢ 0.99z| 0.98¢ 1.00C| -0.18C -0.30¢| -0.28¢ -0.39¢
.2 0.06| nc yes yes [0.992 0.95¢| 1.00C 0.98¢| 0.44C 0.27z| 0.207 0.06¢
.2 0.06| nc yes nc | 0.99: 0.95¢| 1.00C 0.98¢| 0.21¢ 0.077| 0.05: -0.06¢
.2 0.0e| nc ne yes [0.992 0.99z| 1.00C 1.00C| 0.132 0.00C] -0.04<¢ -0.15¢
.2 0.06| nc nao nc |0.99: 0.992] 1.00C 1.00C| 0.00C -0.117]-0.13Z/ -0.23¢
2 0.0¢| vyes yes yes | 0.93% 0.93%| 0.97C 0.97(| 0.26¢ 0.00C| 0.06: -0.16:
2 0.0¢ | vyes yes nc | 0.93: 0.93:] 0.97C 0.97C| 0.00C -0.21z] -0.12¢ -0.30¢
2 0.0¢| vyes ne yes | 0.93% 0.99¢( 0.97C 1.00C]| -0.10¢ -0.29%| -0.24Z -0.40:
2 0.0¢ | vyes na nc | 0.93: 0.99¢]| 0.97C 1.00C| -0.23¢ -0.39¢| -0.32¢ -0.471
2 0.0¢| nc yes yes [0.99¢ 0.93%| 1.00C 0.97C| 0.657 0.41¢| 0.38¢ 0.18¢
2 0.0¢| nc yes nc | 0.99¢ 0.93:]1.00C 0.97C| 0.30¢ 0.11¢]| 0.14<¢ -0.02C
2 0.0¢| nc ne yes [ 0.99¢ 0.99¢| 1.00C 1.00C| 0.167 0.00C] -0.01C -0.15Z
.2 0.0¢|] nc nao nc | 0.99¢ 0.99¢] 1.00C 1.00C| 0.00C -0.14%] -0.12¢ -0.25(
2 0.1z | yes yes yes [ 0.907 0.907| 0.951 0.951| 0.35¢ 0.00C| 0.13¢ -0.16:
2 0.1z | yes yes nc 0.90; 0.907| 0.951 0.951| 0.00C -0.261| -0.11¢ -0.34:
2 0.1z yes ne yes | 0.907 0.99¢| 0.951 1.00C| -0.14C -0.36%] -0.267 -0.45¢
2012 | yes ne nc | 0.907 0.99¢]| 0.951 1.00C| -0.277 -0.46€| -0.361 -0.52¢
2 01z nc yes yes [0.99¢ 0.907| 1.00C 0.951| 0.871 0.57<| 0.56¢ 0.31¢
2 01z nc yes nc | 0.99¢ 0.90:| 1.00C 0.951| 0.38: 0.16%] 0.225 0.03(
2 01z nc [o yes 10.99¢ 0.99:( 1.00C 1.00C| 0.18¢ 0.00C| 0.01: -0.14¢
2 01z| nc ne nc |0.99¢ 0.99¢]| 1.00C 1.00C| 0.00C -0.15¢| -0.11€ -0.25¢
2 0.18 | yes yes yes 10.88C 0.88C| 0.93C 0.93(| 0.43t 0.00C| 0.20: -0.16:
2 018 | vyes yes nc | 0.88C 0.88(| 0.93C 0.93C| 0.00C -0.30%] -0.10¢ -0.377
2 0.18 | yes ne yes 10.88C 0.994( 0.93C 1.00C| -0.17< -0.42<| -0.29z -0.507
2 018 | vyes ne nc |0.88C 0.99¢]| 0.93C 1.00C| -0.311 -0.52(| -0.38¢ -0.57=
2 015 | nc yes yes 10.99¢ 0.88C| 1.00C 0.93(C| 1.08: 0.737| 0.74¢ 0.45¢
2 018 nc yes nc |0.99¢ 0.88(| 1.00C 0.93C| 0.451 0.21(| 0.29¢ 0.08Z
2 0.18| nc ne yes 10.99¢ 0.994( 1.00C 1.00C| 0.19¢ 0.00C| 0.02¢ -0.14:
2 0.1F]| nc ne nc |0.99¢ 0.99/] 1.00C 1.00C| 0.00C -0.16€|-0.10¢ -0.257
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Table 2 (p. 8 of 8M=0.3, Tier 3). Exploration of total catch accougtirSee text for explanation.
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F1 assume | Spec Tier 2
F2=07? exclud¢ ABC RSPR OFL RSPH ABC overape OFL overfge
M  F2 | Catct Spec| C2% | Catct Spec | Catct Spec [C1+Cz C1 |Cl1+C: C1
0.2 0.0%| yes yes yes |0.371 0.371|0.32¢ 0.32¢| 0.09z 0.00(| -0.08t -0.16:
0.2 0.0¢| yes yes nc | 0.371 0.371] 0.32¢ 0.32¢| 0.00C -0.08¢] -0.147 -0.21¢
2 0.0%| vyes ne yes | 0.371] 0.32¢ 0.227 0.12%| 0.00z -0.08-
2 0.03| vyes ne nc | 0.371 0.32¢ 0.10¢ 0.01t| -0.07¢ -0.15Z
2 0.0:] nc yes yes -0.01t -0.11(| -0.17¢ -0.25¢
2 0.03| nc yes ne -0.09¢ -0.18%| -0.231 -0.30¢
2 0.0:] nc na yes 0.107 0.00C] -0.09¢ -0.18:
.2 0.03| nc ne ne 0.00C -0.09¢] -0.16% -0.24:
.2 0.0€| yes yes yes 0.182 0.00C| -0.01C -0.16z
.2 0.0e| yes yes na 0.00C -0.15¢] -0.13¢ -0.26¢
.2 0.0€| vyes ne yes 0.52C 0.28i| 0.20: 0.01¢
.2 0.0e| yes na na 0.21¢ 0.031] 0.01¢ -0.14:
.2 0.06| nc yes yes -0.03C -0.22%| -0.187 -0.34¢
.2 0.0e] nc yes na -0.17¢ -0.34z| -0.29C -0.431
.2 0.06| nc ne yes 0.24¢ 0.00C| -0.01% -0.20¢
.2 0.06| nc ne ne 0.00C -0.19¢| -0.167 -0.33:
2 0.0¢] yes yes yes 0.26¢ 0.00C] 0.06% -0.162
2 0.0¢] yes yes na 0.00C -0.217] -0.12¢ -0.30¢
2 0.0¢] yes ne yes 0.92C 0.514] 0.45%¢ 0.14;
2 0.0¢] yes na na 0.32¢ 0.04¢] 0.10¢ -0.131
2 0.0¢| nc yes yes -0.04¢ -0.33¢| -0.20C -0.44¢
2 0.0¢] nc yes na -0.24¢ -0.47¢| -0.341 -0.54¢
2 0.0¢| nc ne yes 0.44% 0.00C| 0.09t -0.24:
.2 0.0¢| nc ne ne 0.00C -0.30¢| -0.17C -0.42¢
2 0.1z yes yes yes 0.35¢ 0.00C] 0.13¢ -0.16-
2 0.1z ] yes yes na 0.00C -0.261] -0.11¢ -0.34¢
2 0.1z yes ne yes 1.50¢ 0.85(] 0.78¢ 0.31¢
2 0.1z ] yes na na 0.44z 0.065] 0.192 -0.11¢
2 01z nc yes yes -0.061 -0.46(| -0.21: -0.547
2 021z nc yes na -0.30¢ -0.601| -0.38¢ -0.64¢
2 021z nc na yes 0.737 0.00C] 0.23¢ -0.28i
2 012 no nc nc 0.00C -0.424] -0.17% -0.52¢
2 0.8 yes yes yes 0.43% 0.00C] 0.20%¢ -0.162
2018 yes yes ne 0.00C -0.30¢] -0.10¢ -0.37i
2 0.8 yes na yes 2.44¢ 1.40(C] 1.23¢ 0.55¢
2 018 | vyes ne ne 0.55¢ 0.08<| 0.28z -0.107
20028 ne yes yes -0.077 -0.587| -0.22% -0.651
2 018 nc yes ne -0.357 -0.71(] -0.42% -0.74(
20028 ne na yes 1.21¢ 0.00C| 0.43¢ -0.35(
.2 015 nao nc nc 0.00C -0.54¢] -0.17€¢ -0.62¢
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Appendix: ACLsand Maximum Economic Yield
By Michael Dalton (based on work with André Pund &avid Tomberlin)

National Standard 1 states ti@&danservation and management measures shall prevenfishing while
achieving, on a continuing basis, the optimum yisddh each fishery for the United States fishing
industry.In this statement, QY is an objective and the @n¢ion of overfishing is a constraint. In general,
QY can be influenced by risk preferences or harmexthods or institutions. Each of these can affect
benefits and costs, distributions of these, as agetisk and uncertainty. In practice, QY is dedine
relative to MSY which under MSA Section 3(33): OGsthe amount of fish which ... is prescribed as
such on the basis of the maximum sustainable fri@hd the fishery, as reduced by any relevant
economic, social, or ecological factoiBhis raises questions about these factors andriargl whether
MSY is necessarily a ‘good’ objective? For examplkat about fishing costs, or the role of prices in
evaluating benefits of yield or how should risk amtertainty be treated (see Fig 1)? In generalritk
of overfishing depends on choice of P*, and P*Zibhturs a cost in terms of foregone catch. Costesu
of this type were considered in the NPFMC crab Adhlysis.

Fig. 1: General cost of reducing overfishing risk P*enmis of foregone catch.

A

Cost

v

P*

Under some conditions, however, economic benefiteducing catch below MSY can outweigh the cost
of foregone harvest which opens possibility of wiim outcomes. Under these conditions, the economic
optimum is achieved at maximum economic yield (MEY)

Recent scientific interest in Maximum Economic YMi¢MEY):

*  On implementing maximum economic yield in commdriigheries
(Dichmont, Pascoe, Kompas, Punt, Deng, PNAS 2010)

» Economics of overexploitation revisited
(Grafton, Kompas, Hilborn, Science 2007)

» Limits to the privatization of fishery resources
(Clark, Munro, Sumaila, Land Economics 2010)
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e Limits to the privatization of fishery resourcesar@ment
(Grafton, Kompas, Hilborn, Land Economics 2010)

* Limits to the privatization of fishery resourcespty
(Clark, Munro, Sumaila, Land Economics 2010)

Fig.2: Maximum Sustainable Rent (MSR) is static MEY iar@on-Schaefer bioeconomic model

MSR, UR = 0,00
MSR Tangency: discount rate cases
Marginal Cost = Catch bound dynamic MEY

Marginal Revenue

Unregulated (UR)
Bioeconomic Equilibrium:

MSR Profit = TR-TC Total Revenue=Total Cost

Biomass

The classic inequality of the Gordon-Schaefer (@8ylel is Bisr > Busy unless Marginal Cost = 0, and
then Bysg = Busy, If and Only if, Gusr < Gusy unless MC = 0 thengr = Cusy

Grafton et al. (2007) consider dynamic MEY in Gardichaefer type bioeconomic model and find that
classic inequality RBey > Busy holds in 4 empirical cases that were analyzedréfbee, Grafton et al.
(2007) conclude that fishery management baseddymamic MEY control rule can promise win-win
outcomes with respect to MSY control rules becaiEd has a better economic return and, like static
MSR in GS model, is biologically more conservatilvan MSY.
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Fig. 3: (A) Byey and Bysy of Western and Central Pacific big eye tuna. (BhBand Bsy of Western
and Central Pacific yellowfin tuna. (C),B, and Bysy of Australian northern prawn fishery. (Du8
and Bysy of Australian orange roughy fishery.
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Source: Grafton et al. 2007, Economics of Overdiqtion Revisited, Science 318:1601.

However the conclusions of Grafton et al. (200eate on underlying assumptions, including the
Schaefer catch equation in which catch is the grbdieffort, biomass, and a catchability coeffitie
Clark et al. (2010) criticize results of Graftora&t(2007) on the basis of these assumptions.

In addition, Grafton et al. (2007) does not consalge or size structured population dynamics, nesdt
consider effects of changing market prices on MEXhmont et al. (2010) incorporate a realistic
treatment of population dynamics in a model base8cahaefer catch equation and do not considerteffec
of catch levels on market equilibrium prices whiem matter for large fisheries such as Bering Sea
pollock.

An alternative and in some ways much simpler bioeauc model is proposed here that:
1. Incorporates population dynamics through an eqiiilib yield curve

2. Relaxes strong assumption of Schaefer catch equ@ig., catch proportional to effort)
3. Includes market equilibrium price effects with asplécit demand function
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Fig. 4: Population dynamics and industry market equilibriin static MEY alternative to the Gordon-
Schaefer model.

In the alternative bioeconomic model depicted i Bi the equilibrium yield curve is derived in the
usual way from an age or size structured populatisramics model, and in particular, shape of tieddyi
curve is determined by an explicit assumption alloeirecruitment function (e.g., Ricker, Beverton-
Holt). In addition, fishing effort is implicit andatch is the control variable. In practice, usiagch as the
control variable avoids having to make an exphsisumption for the relationship between catch and
effort (e.g., Schaefer catch equation). The trdfies that costs must be represented in terms twhog@.e.,
output) but that type of formulation is perfectlynsistent with microeconomic principles. Like th& G
model, costs are linear and revenues are quadtdhtiike the GS model, revenues are quadratic in4ig
because a linear demand function is assumed wherieas are held constant in the GS model.

The type of bioeconomic model that is represemdeig. 4 can lead to completely different conclasio
from the GS model and provides a something of atestexample:

¢ Cuyr > CGysy and therefore gk is not sustainable in Fig. 4!

e Cusy = CGusr by construction in Fig. 4!

e If marginal costs decrease (i.e., total cost clweomes flatter) in Fig. 4 then,& < Gusg and in
that case the implied MSR would not be sustainable!

The last bullet above implies that the classic @gjuality Biey>Busy does not necessarily hold if
assumption of Schaefer catch equation is violdtethct, Fig. 4 implies that the classic inequaigya
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special case and holds only if the price elasticftgemand is sufficiently small or marginal costs
sufficiently high. Note that curvature in the totalenue curve in Fig. 4 is determined by a lirdsanand
function for catch, and not by a logistic growtmétion as it is in the GS model.

The static model depicted in Fig. 4 fully generedizo dynamic market based industry equilibriunhwit
stochastic processes that drive prices and recenitnt his equilibrium is formally characterized by
decision rules that solve a dynamic optimizatioobem under uncertainty subject to stochastic price
and population dynamics with stochastic recruitraehhis type of bioeconomic model is represented by
an optimal control problem and the decision ruheg solve this problem are stochastic processes tha
depend on prices and recruitments.

Max E{i/f (v;q -2 (G- GLYA(G- c_l)]}
{C,20} =0

1
S.I.N,=GMN_,-GM2C_,+ R
Vi=R-6-¥G+@N

» Catch (at size) vectds, is control and numbers (at sidé)is state

* Net value per unit catch (at size) vectbtaken as given by fishermen

» Base price®; and recruitment® are exogenous stochastic processes
« 0< pB<1listhe discount factor atiis a vector of cost parameters;

G, M are (lower triangular) growth, (diagonal) net tatity matrices

» Dynamic adjustment cost matix, demand elasticity¥’ , and stock effec

» Except for matrices (in bold), variables are randattors

» Baranov, Pope’s approximation used to get popudatimamics in catch-explicit form
» Selectivity vector implies a scalar control probleni-

e Solution is summarized by an intertemporal decisida

The intertemporal decision rule that solves thénagdtcontrol problem above implies time series of
fishing mortalitiesF, (w) for which F,(w) > F,, or F,(w) < F,,s, are possible events. In this case, there

is an explicit and well defined probability funatidr(cw [/)that measures likelihoods of these events.

While cost data for EBS snow crab fishery existsthwere not in form suitable for the analysis here
Instead, the cost paramet®rwas set such that the long run stationary MEYchgeel in the

bioeconomic model was equal to MSY from the singapulation dynamics model (i.ewd&y = 0.43;
see Fig. 5).
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Fig. 5: Mature male biomass and equilibrium yield (tonwgh MSY (F35%) in simple EBS show crab
population dynamics model under Beverton-Holt reorents.
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To make the bioeconomic model above operationdkiceaG andM were parameterized based on a
simple (5 size-classes, males only) version oBB& snow crab population dynamics model that was
used to compute the yield curve in Fig. 5. To kiepanalysis as simple as possible here, a detistioin
version of the model was considered but this r&sin is easily relaxed. In the deterministic versi

» Base ex-vessel prices are held constant at $2ra@ley loosely based on the historical average
from CFEC fish tickets;

« Recruitments are held constant at 1.9xp@r year based on recruitments at the unfished
equilibrium from the simple snow crab populatiomdsnics model,

* No stock externality is assumed (i.@, is a matrix of zeros) and bycatch in the grourdfis
fishery is ignored,;

« Price elasticity of demand is assumed to be vexstiel (i.e., W is a small scalar times the identity
matrix) which is supported historically (“An intextional supply and demand model for Alaska
snow crab” by Greenberg, Hermann, McCracken, MaRasource Economics 1995).

Dynamic MEY trajectories were computed startingrfrdifferent initial conditions and each converges t
Fusy over time (see Fig. 6).
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Fig. 6: Optimal dynamics to sy starting from different initial conditions.
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The final step in this analysis is to examine irendetail the dynamic MEY of developing a fishemym
the pristine unfished state, which correspondieéddwest curve in Fig. 6. In this case, the dymranoif
each size class are presented in Fig. 7.

Fig. 7. Dynamic MEY numbers of crab in each size-claagtisig from the unfished initial condition
(smallest size-class on top, largest size-clabstabm).

N

2.0x10°

1.5x10"°

1.0x10°

s X e ="

20 30 40

General conclusions can be drawn from the reshltseaabout the relationship between ACLs and MEY.
One is that the inequality\By > Busy that is usually associated with bioeconomic modelsends
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critically on assumptions implicit in Schafer’s datequation, or standard generalizations of it (s&g
Grafton et al., 2007 or Clark et al., 2010). Thassumptions may not be appropriate for Alaska fiebe
especially those that have been rationalized. kamele, evidence suggests that the Gulf of Alaska
sablefish fishery began exhibiting a hyperstabl&Eelationship following rationalization, which et
exactly consistent with Schaefer’s catch equatioigeneral, the relationship between stock anchdatc
Schaefer’'s catch equation may not be appropriatectooling species, or when fishermen target
spawning aggregations. In these cases, the inggBaky > Bysy may not hold and then the justification
of reducing catch below MSY as a win-win outcomedoonomics and biology is false.

One type of bioeconomic equilibrium considered a&bigva decentralized stochastic dynamic MEY with
limited entry that does not account for dynamiogk} externalities in its optimality conditions, the
potential for coordinated monopolistic pricing todst industry profits. In particular, this type of
bioeconomic equilibrium is not in general an ecoimoptimum for the industry as a whole because the
stock externality, in particular, is not addressktke stock externality here is the traditional ane
fisheries economics that has been analyzed ext&psiveconomics literature.

The conservation and economic benefits of monadoijisicing are not normally considered in resource
management. For example, constant prices are dasthassumption in bioeconomic models. But
monopolistic pricing could be a win-win for biol@gil conservation and the economics of some Alaska
fisheries such as pollock. In general, monopolisébavior restricts output and exploits the demand
relationship to drive up prices. That drives a wetlgtween market prices and the marginal cost of
production which is not economically efficient franglobal perspective. But Alaska groundfish prasluc
are heavily exported and in this case monopolsiting may be consistent with Magnuson-Stevens Act
objective of “maximizing net benefits to the natioim this case, econometric estimates of globahaied
function parameters for Alaska groundfish produatsild be needed and these demand models would be
coupled with parameters from simplified populatdymamics models to quantify the alternative
bioeconomic models described above.

51



